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Ll. large industrial installations, where 
pH control must be continuous or automatic, 
or both, the temperature of process solutions 
has to be obtained continuously, in order to 
compensate for effects of temperature change 
upon pH. 

To accomplish this, the Beckman Model 
R Automatic pH Indicator provides a low 
chamber, or immersion assembly, containing 
a resistance bulb thermometer in addition to 
the glass and calomel electrodes used in 
measuring pH. This resistance thermometer 
is an element in the feed-back circuit of a 
stable DC amplifier whose sensitivity is ac- 
cordingly varied in proportion to the absolute 
temperature of the process solution. 

To assure complete accuracy, the 
thermometer of the Beckman Model R pH 
Indicator is wound with D-H HYTEMCO* 
wire, supplemented with D-H MANGANIN. 
The high temperature coefficient of 
HYTEMCO makes it eminently suitable for 
this application; and the absolutely uniform 
behavior of this alloy, thruout a wide tem- 
perature range, helps the indicator to record 
pH values with utmost fidelity. The sup- 


RESISTANCE BULB THERMOMETER — Suffi- 
cient Hytemco wire is used to obtain the 
necessary resistance value for the tem- 
perature range. A small percentage of 
Manganin is then added to bring total resis-~ 
tance of winding up to circuit requirements. 


plementary winding of D-H MANGANIN 
is required in order to raise the resistance of 
the assembly to a specific circuit value with- 
out increasing the increment of resistance 
with temperature. This the MANGANIN 
does very effectively. 

In addition to the desirable electrical 
characteristics of these D-H alloys, however, 
is the outstanding uniformity of the wire from 
spool to spool, and the quality “built into” it 
—as a result of exclusive Driver-Harris 
know-how and advanced melting, rolling and 
drawing techniques. 

Special alloys for special uses is an 
important phase of our business. If you have 
been unable to obtain just what you are look- 
ing for, let us know your requirements. We'll 
gladly put our 50 years of experience at your 
disposal, and supply you with the alloy best 
suited to your needs. 


FLOW CHAMBER —— 
with resistance bulb 
thermometer and 
electrodes. 


BECKMAN MODEL R 
pH INDICATOR con- 
taining amplifier and 
precision measuring 
circuits. 


tProduct of National Technical Laboratories, $. Pasadena, Calif. 


Makers of world-famous Nichrome* and over 80 


alloys for the electrical, electronic and heat-treating fields 


Driver-Harris Company 


HARRISON, NEW JERSEY 
BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 


Manufactured and sold in Canada by 
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 


*T. M. Reg. U. S. Pat. Off. 
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fA striking view of the Schiller Station of the 
pPublic Service Company of New Hampshire, at 
# Portsmouth. This new station is distinguished for 
| being the first installation of a mercury-unit power 
jplant designed and built as a complete power-gen- 
jerating unit; for its use in producing output at high 
over-all plant efficiency; and for foresight and 
competence of owner, operator, and designer in thus 
having utilized advanced types of equipment. The 
station itself and the binary cycle involved in its 
operation are described in this issue. 
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Maximum speed, contact pres- 
sure, and sensitivity; and min- 
imum transit time. Originally 
designed as a high-speed tele- 
graph relay, it has also been 
used for direct operation from 
barrier-layer photo cells and 
thermocouples, as well as for 
measurement and other indus- 
trial applications. Weight, 
22 02. 


CLARE RELAYS.! 


Long contact travel, medium 
speed and sensitivity. Origi- 
nally designed as a telephone 
impulsing relay (d-c dialling 
up to 100 miles, and v-f dial- 
ling on trunk circuits), it has 
also been used in audio-fre- 
quency tele-printer systems, 
etc. Also available in d.p.d.t. 
version, with self-synchroniz- 
ing contacts. Weight, 11.8 oz. 


Three types... 


one no larger than 


a match box 


Miniature relay of phenome- 
nal performance in proportion 
to size and weight. Primarily 
developed for military and 
aircraft uses, but is providing 
answers to problems in many 
other fields. Rugged design of 
exceptional thermo stability. 
Dimensions of relay proper 
same as safety-match box. 
Weight, 4.8 oz. 
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Speer carbon brushes provide dependable 
commutation...the utmost freedom from overheating, sparking, 


excessive wear and energy losses. Result—peak motor performance...a vital factor in 
the economical operation of electrical lift trucks. And, equally’ 


important, no costly material handling delays. 


é, These brushes are only one of the many types that Speer has 


developed to match mechanical and electric service 
{p- characteristics. For more than 50 years Speer’s experience 
Speer is 


in meeting brush requirements of machine design or 
f: CARBON COMPANY [miutoulas -contacts - welding electrodes - graphite anodes - rheostat discs - packing rings- carbon parts 


maintenance is at your service. 
ST. MARYS, PENNA. CHICAGO’ CLEVELAND: DETROIT: MILWAUKEE* NEW YORK- PITTSBURGH 
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QUALITY BY REMOTE CONTROL 


Quality control indicator installed in a production supervisor's office. The indicator 
gives an instant and continuous reading of reject rates at inspection points along an 
assembly line. Thus immediate corrective action can be taken when abnormal trouble arises. 
With previous statistical quality control methods, time delay in collecting data and making 
calculations resulted in inability to spot trouble until hours later. This new electric 
computer has brought about a 60-percent reduction in rejects since installation. (See p. 40.) 


By CHARLES E. WILSON 


T THIS climactic middle point in our century, it 
is fashionable in some quarters to declare that 
s materialistic progress is leading us only into destruc- 
“tion, and that spiritual progress does not even exist. 
aProbably it can even be proved with statistics—most 
things can—but figures, while they may not lie, are 
istrikingly misleading. They are scornful of the indi- 
}vidual, of his wants and his understanding and his 
triumphs and his faith. The individual, say the statis- 
ticians, is a very small sample of what is going on, and 
they tend to brush him aside, forgetting that it is the 
sweat and genius of millions of “small samples’’ that 
j have made us what we are. 


_ Statistics, like machines or scientific discoveries, are 
tremendously useful things. They can fill us with re- 
‘spect, with complacency, and with terror, but only 
when we forget in our contemplation of them that they 
‘are but tools to be used and not conclusions or final 
| judgments. Statistics and machines and scientific dis- 
coveries are tempered and conditioned by the actions 
_and reactions of the human beings who were responsible 
for them in the first place, and who will be responsible 
for altering them tomorrow. There is nothing very re- 
‘markable in this observation, and yet it is truly re- 
markable how we tend to disregard it. Let me try to 
give some examples of what I mean. 


“SOME HARD FACTS, OLD AND NEW 
I was reminded of this bit of history the other day 
by a piece of fiction in the Saturday Evening Post. You 
will find much the same facts in more scholarly works, 
‘such as Toynbee’s ‘‘Study of History.” More than 700 
‘years ago, in the year 1242, the great Tartar hordes of 
Genghis Khan, who had ridden out of Asia sweeping 
everything civilized before them in a wave of fire, 
pillage, and death, must have appeared to be unstop- 
-pable, unbeatable. It must have appeared to artisans 
and workers, such as you and I, that the end of the 
‘world had truly come. Now, the existence of this 
dynamic, barbaric force of thousands of Mongols, with 
its awe-inspiring capacity for destruction, is clearly a 


i ticle presents the address by_Mr. Wilson, on February 6, in Pitts- 
ee the aenual banquet of the Engineers Society of Western Penn- 
. sylvania.—Eb. 
i i i i ilati icles, it can be 
is article is so paged that, without mutilating other articles, 
; Boni removed for fling asa group of full-size consecutive pages.—Ep1ToR 
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They do set forth hard facts to be faced but not incontrovertible con- 
clusions or final judgments. Even when they point to political dis- 
illusionment and social disintegration, recorded history has shown 
they can be overbalanced by application of the healthy counterforces 
of human understanding, courage, and ingenuity. Engineers and scien- 
tists have an important part to play in providing these counterforces 
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statistic, when viewed from this comfortable distance 
of more than seven centuries, but it didn’t appear to 
be a statistic to the European peasant struck down in 
the fields. To him it was a conclusion, that all was lost. 
But we know there was another statistic, another hard 
fact, and that was that something in Europe turned 
back the Tartars. History says that it was because the 
great Khan was killed on the field of battle, and the 
story I read builds the legend that the trick was turned 
by a hundred English archers who had been fighting 
as mercenaries and were on their way back to England 
on foot when overtaken by the Tartar horde of several 
thousand mounted men. The real facts are lost to us, 
but the point is nicely made. Only a handful of the 
archers survived the battle. The longbow was a superb 
weapon in their hands and they used it with telling 
effect—but, of course, they did not win the battle 
against such odds. They had great spirit, as individuals, 
and they simply refused to lie down before certain de- 
feat. As individuals they blew in the face of statistics 
and refused to adopt as a conclusion what was merely 
a demonstrable fact. 

In the intervening centuries there have been a suc- 
cession of just such apparently overwhelmingly de- 
structive forces as the Tartars. Napoleon was one. The 
British in Colonial America were another. The massed 
power of the Kaiser in World War I, Hitler’s air force 
and the machinery of the blitzkrieg, and even the sicken- 
ing effectiveness of the Japanese armies in World War 
II, were others. All were hard facts that had to be 
faced, that at the moment of their peak strength repre- 
sented unbeatable weapons. To those of us who were 
close enough, they certainly seemed to be conclusions, 
and not just statistics—but the conclusions simply did 
not follow, because other human beings refused to draw 
the line and add up the figures to the logical sum of 
defeat. 

Now let us examine our most recent examples of 
seemingly incontrovertible logic. It was only yester- 
day, wasn’t it, that we looked on Hiroshima and the 
awful force of the atomic bomb, and there seemed to 
be no way out of the conclusion that the civilized world 
had come to the end of the line. Yet just the other day 
I saw a news release issued by Scientific American 
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which was probably more masterfully ironic than the 
writer realized. It said, in part: 


“U.S. citizens have heard for the first time of the 
hydrogen bomb, this most terrible of scientifically 
possible weapons. In theory, at least, the hydrogen 
bomb is the absolute weapon. Its capacity for destruc- 
tion can be made as great as desired—hundreds or 
perhaps even thousands of times greater than the 
old uranium-plutonium bomb.” 


You will note, as I did, the scorn with which the 
writer spoke of that old, last year’s bugaboo, the 
uranium-plutonium bomb! Thus one more seemingly 
incontrovertible fact bites the dust as a mere statistic, 
and we turn our eyes fearfully towards a new conclusion 
—the hydrogen bomb is really the last word in the 
tragic march of progress—this is it! Now, obviously, 
all is lost. 

Or is it? I don’t think so. To me it is extremely inter- 
esting and significant to observe throughout our history 
this strange process of reverse refinement, during which 
overpowering conclusions in the shape of forces or 
threats or weapons are transformed into mere statistics. 
The secret does not lie alone in the mere passage of 
time. It lies in the power of water to wear away a stone, 
in the magnificent capacity of human beings to throw 
into the breach their stubborn spirit, their physical 
bravery, their ability to compromise and adjust and 
adapt circumstances, their refusal to bow to the 
inevitable. Such a process is often heroic, but not 
always. More often it seems to operate under much 
less pressure. 

Because this is 1950 I looked the other day at some 
of the headlines in the New York Times at the beginning 
of the century, frankly fishing for examples of heroic- 
sized obstacles to further human progress, and the 
search was not very rewarding. On April 7, 1900, there 
was one which sounded faintly familiar: RUSSIAN 
AGGRESSIVENESS IN KOREA A CASE OF IRRITATION. 
And on May 8: FRENCH ARMY AND NAVY SMOKE SHELLS 
BEING MADE. And finally this, going back to February 
16, 1898, and cheating a little: BACHELORS CLUB OF 
TRENTON ORGANIZED TO ENCOURAGE GALLANTRY AND 
DISCOURAGE MATRIMONY. As you can judge for yourself, 
none of these ventures was particularly successful, but 
they bear out the pattern. 


DISASTER DID NOT BEFALL 


The reason that disaster did not befall our civilized 
world in the last 50 years—and probably will not in 
the next 50—has little to do, in my opinion, with states- 
manship, diplomacy, politics, high finance, or blood- 
letting. It is true, on the debit side, that the American 
people suffered through two world wars and four de- 
pressions, and the historians will take due note of those. 
But the rest of the time we were pretty busy with 
saving civilization. This seems to be an occasion for 
giving commercial plugs, but I refuse to mention the 
name of the advertising agency which the other day 
issued a list of some of the commonplaces of progress 
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to which all of us contributed since the turn of tha 
century. There are over eighty items in the list, and ] 
shall not presume on patience to the extent of reciting 
them, although it is a temptation. Nevertheless, they 
constitute 80-some reasons why we were too busy te 
be conquered by superior forces or weapons, and why 
we were too busy to commit national suicide. The list 
includes such things as automobiles, airplanes, auto 
matic dishwashers and refrigerators, radios, talkin 
pictures, television, diesel locomotives, radiant heating; 
fluorescent lighting, frozen foods, rayon, nylon, cello4 
phane, permanent waves, stainless steel, calculatin 
machines, penicillin, insulin, the sulfas, radar, super 
highways, zippers, shower baths, diaper service, parcel! 
post, plywood, synthetic rubber, picture-in-a-minutes 
cameras, and jet engines. 


OPERATION OF HEALTHY COUNTERFORCES 

This is not intended to be a flippant answer to the: 
age of the hydrogen bomb. I think it is a very real! 
answer. We did not really need the new super-weapons: 
to demolish our society, because that could have been! 
accomplished with some of the old-fashioned weapons. . 
The salient fact is that we keep alive among us so many’ 
healthy counterforces that social disintegration and| 
political disillusionment never have a chance to set it. 
This is an American characteristic which runs through 
the fabric of our daily life, but it is the men of science 
and engineering who are most responsible. We have in 
the new world a very healthy climate for technological 
progress and achievement. If you analyze this climate 
you will find the answer. Americans do not have all 
the brains, all the sciéntific ability, all the resources, 
nor even all the dreams and ambitions. We do not have 
by any means a corner on the raw materials and the 
tools of progress. In this age of rapid communication 
it would be ridiculous to maintain that we even have 
much of an edge on the old world. But we do have one 
thing that seems to be particularly our own, and that 
is the ability and the determination to follow through 
and make it possible for the ordinary man and his 
family to harvest the fruits of our progress in the 
shortest possible time, at the lowest possible cost. Per- 
haps it seems ridiculous to speak of such things as 
shower baths or diaper service in the same breath as 
the epic struggle over Communism, but there can be. 
little question as to which has brought happiness to 
the greatest number of people. And when you have 
answered that simple little question, you have answered 
the question as to why we have here a healthier climate 
for technological progress. We have something real to 
show for our pains, and that is important to the indi- 
vidual. 

If we may now narrow this consideration somewhat, 
there are two kinds of activity, two broad categories of 
performance, which reveal the unique strength and 
dynamic character of the American industrial and 
technological effort. The first is most familiar to all the 
world, the realized results, such as the list of things I 
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i mentioned. These are the end products found in our 
{} homes and shops, factories and hospitals, and schools, 
§) which we are busy improving and distributing in ever 
)} wider circles. The other category is not so familiar, be- 
cause it consists of things we are still working at. This 
y is a category with which the practicing engineer and 
i the research scientist are most familiar, because it is 
q their daily work. It is in this second grouping that ma- 
: terialism has the best answer for its critics, those critics 
i) who imagine that industry’s only concern is to build 
more automobiles, more bathtubs, more radios, or 
i) more typewriters. 


} SOME OUT-OF-THE-ORDINARY ACTIVITIES 


Every year, in-our business, we take an inventory of 
fj our outstanding performances and our out-of-the- 
) ordinary activities, and I am continually amazed at 
7 what turns up. Bear in mind that the General Electric 
Company is a fairly typical American business corpora- 
H tion, and not a research foundation or a subsidized 
j institution. It is in the cut-and-dried business of manu- 
| facturing electrical goods, presumably at a fair profit, 
j in order that it may return something on the investment 
{ of its owners and compensate its 170,000 employees in 
| the style to which they have become accustomed. To 
achieve these objectives we must make sure that cer- 
tain elementary chores are performed. For example, 
i during 1949, we produced 2,797,500 kw of fuel-fired 
electric generating machines for utility companies, 
sufficient to provide electric power for more than six 
| million people; and next year we aim to better that 
mark. We also built electric transportation equipment 
totaling one and a half million horsepower. For such 
} tasks we claim no particular credit, as these are the 
boots and shoes and butter and eggs of our trade. But 
here are a few other things that the inventory showed 
| up: 
—As part of an exploratory program in metals we 
examined the mechanical properties of several thousand 
alloys, and after adding to our knowledge of factors 
| controlling deformation and fracture we found it was 
possible to design new materials that would do what 
was wanted of them under temperatures as high as 
1500 F. 
- —We were working with the Army Signal Corps, the 
Office of Naval Research, and the Air Forces, in some- 
thing designated as ‘‘Project Cirrus,” the now famous 
weather-research study, during the course of which a 
condensation-nuclei apparatus was operated from 
planes flying under varying conditions, from Schenec- 
~tady to New Mexico. 
—For the Brookhaven National Laboratory on Long 
Island we built a 314-million-volt electrostatic acceler- 
ator, to accelerate protons; and for Los Alamos Scien- 
tific Laboratory we built a precision laboratory electro- 
magnet with a field of 10,000 gauss in a 1/4-inch gap. 

And we had under construction for the University of 
‘California hospital a new type 70-million-volt synchro- 
tron for cancer research, unique in that it will be self- 
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contained and equipped with its own elevating and 
positioning mechanism, so that the x-ray beam can be 
directed at any point on a patient’s body, and from 
various distances. 


—Out in Cleveland the largest supersonic tunnel so 
far built was put into service at Lewis Memorial Lab- 
oratory of the National Advisory Committee for Aero- 
nautics. This tunnel is driven by three 29,000-hp motors 
operating in tandem, and the complete shaft is approxi- 
mately 90 ft long and about 21 in. in diameter. 


—We contrived a number of electric measuring de- 
vices, one of them so sensitive to a temperature differ- 
ential that it registers when a hand is brought near it. 


—Not all of our engineers were up in the clouds pro- 
ducing artificial rainfall, either. Some of them were 
down in the sewers, developing an automatic recording 
turbidimeter for sewage treatment. It measures the 
amount of suspended particles in a liquid by measuring 
the ratio of scattered light to transmitted light through 


‘liquid. 


—Some will recall the painful days early in the 
century when the subject of motor brushes almost drove 
many promising young electrical engineers out of their 
minds. I discovered that last year we employed brushes 
containing radioactive silver in the latest study of 
brush wear. A motor is operated and then a photo-— 
graphic film wrapped around the commutator. The de- 
veloped film then shows the distribution of the radio- 
active particles worn from the brushes. That is a lot 
better than running uphill after a trolley car picking 
up the pieces that drop. 


—X-ray continues to turn up in new places, with 
new uses. The Pennsylvania Railroad used a truck- 
mounted 250,000-volt machine at the Altoona test de- 
partment, to guide it in the manufacture of new and 
replacement parts and help the purchasing department 
make buying decisions. And out in Milwaukee the 
Wilson Sporting Goods Company began using a “‘sales 
promotional” x-ray fluoroscope, packing it around in a 
station wagon to various golf courses to demonstrate 
the concentricity, shape, and location of the core of its 
new golf ball. 


—Out of the war, but also out of the combined efforts 
of many fine engineers of several generations, flew the 
gas turbine in the form of jet aircraft. Then last year 
a Boeing XB-47 Stratojet bomber set a new coast-to- 
coast record of 3 hours, 46 minutes in a 2289-mile flight 
from Moses Lake (Wash.) to Andrews Field (Md.). 
The plane was powered with six of our J-35 jets, pro- 
ducing about 24,000 Ib of thrust. Not all gas turbines 
fly, however. During the year the first gas-turbine- 
driven locomotive was extensively tested in actual 
service on the tracks of the Union Pacific Railroad. 
Not only that, but the first 3500-kw gas-turbine power 
plant, practically a duplicate of the locomotive design, 
stood still and began to make electricity for the Okla- 
homa Gas and Electric Company, using natural gas 
as fuel. 
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—The most efficient central-station steam installa- 
tions in the world, the heaviest hydroelectric generators 
ever built, and the world’s largest transformers, all be- 
came a reality during last year. The longest high- 
voltage submarine-power-cable crossing ever made was 
laid down across Galveston Bay. 

—At Carlsbad (N.M.) a new push-button drive and 
control equipment enabled a mine hoist to raise and 
dump 8 tons of potash ore per minute from 1150 ft 
below ground. That will help make fertilizer faster, 
and raise the level of food production as a result. 

—A paper-machine tender usually ‘‘patted’’ the 
sheet with the palm of his hand to check paper tension 
between sections of the machine. Now we have a de- 
vice that makes the pat unnecessary, monitoring the 
tension accurately, continuously, and automatically by 
injecting a signal into the control system. 

—Here are a couple of rural notes. The electric calf- 
dehorner, introduced last year, has been dehorning 
calves quickly, easily, and less painfully during the 
past year. The horns just drop off about a month after 
treatment. And the lot of baby chicks has likewise been 
improved. They are given the best of care with a warm 
dry bed under their feet and a radiant heat blanket 
over their backs, with an ingenious use of heating cable. 

—For stomach and intestine patients of the country’s 
clinics, we have a new diagnostic opaque x-ray sub- 
stance which remains in suspension indefinitely, and 
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can be swallowed with greater pleasure by the har 
rassed subject. It leaves an adhesive coating which will 
outline the digestive tract for a longer time. Amazing 
are the byways down which an electrical manufacturing 
company finds itself traveling. 

—Finally, here is something for the fisherman, a ne 
flybox which includes a rotating permanent alnice 
magnet. It will hold an angler’s flies in place during tha 
strongest breeze, but they can be removed easily witha 
out damage to wings, hackles, or hooks. 


From tailor-made metal alloys to magnetic flyboxes 
I have tried to run the bases pretty fast. These things 
constitute more than just another commercial plug— 
this one for the General Electric Company. I have takent 
the liberty of telling about some of the developments int 
my own backyard because I am more familiar withl 
them, but a similar story will unroll from almost every} 
big American corporation, if you take a good look.: 
With all of this going on, we don’t really have the time: 
to backslide spiritually, and you can see for yourselves: 
that in a material sense we are doing all right, too. 


ONWARD TO NEW WONDERS AND NEW TRIUMPHS 


What I have been attempting to put before you is a: 
theory that I believe should appeal to you as engineers, 
and if along the way my presentation has verged on 
the light-hearted, it was nevertheless meant to be 
taken seriously. The theory is this: 

Society has always had in its hands the power to 
destroy itself, but it has used that power ultimately 
for good and not for evil, for growth and not for decay, 
for life and not for death. Time after time, down through 
the centuries, it has forged a weapon, or created a force, 
or suffered a malignant cancer to grow, any one of 
which was capable of annihilating the painfully 
wrought structure of civilization. Primitive man faced 
fire; 13th century Europe faced the Tartar hordes; we 
face the hydrogen bomb—and the pattern is the same. 
But these great terrors and scourges have been held 
off time after time down through the same centuries, 
and even though the house of man has often been 
shaken and its timbers shattered and stained with 
blood, society has recovered, grown strong, and gone 
on its way to new wonders and new triumphs. I believe 
that this will continue to be our historic pattern because 
I have great faith in human ingenuity, in human cour- 
age, and in human understanding. I believe it because 
I want to believe it, and therefore I will work for it, 
even as you will work for it. 

The engineer and the scientist have a special role to 
play in perpetuating this pattern, as individuals and 
as a professional society. As individuals you will con- 
tinue to create the tools, the machines, the services, 
and the structures of a richer life. As a professional 
society you must impart character and judgment to 
your work, cherish pride in your common talents, 
maintain standards of performance, and furnish leader- 
ship. This is your obligation and your destiny, and I 
am sure that you recognize it and are not afraid of it. 


March, 1950 


By W. N. OBERLY 
General Electric Company 


| ee mercury-vapor-steam cycle is a binary cycle 

for producing power from fuel with greater thermal 
efficiency than is possible from a steam cycle alone. The 
mercury-vapor-steam cycle can also be considered as a 
steam cycle in which the power from the mercury- 
turbine-generator is obtained as a by-product at nearly 
the mechanical equivalent of the thermal energy. 


Fig. 1. A representative tem- 
perature-entropy diagram for 
the mercury-vapor-steam cy- 
cle; together with the satura- 
tion curve for steam, for the 
purpose of reference 


TEMPERATURE, F 
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A typical temperature-entropy diagram of the mer- 
cury-steam cycle is shown in Fic. 1 where the steam 
portion of the cycle is for a 600 lb, 825 F system having 
the usual feed-water heaters in the liquid region. The 
‘initial mercury conditions are 140 lb gage, 975 F satu- 
‘rated. In order to transfer the heat from the condensing 
“mercury vapor to the water, the mercury-exhaust 
‘temperature must be higher than the saturated tem- 
perature of the steam to be produced. For economic 
reasons, this temperature difference is 30 F. The design 
back pressure of the mercury turbine to produce 600 Ib 
steam is 2.58 lb abs. 
The specific heat of mercury liquid is only one- 
thirtieth that of water at 80 F and one-sixty-sixth that 
of water at 650 F. Because of this, the mercury portion 
of the liquid line on the diagram is steep. This, in turn, 
means that nearly ideal temperature-entropy condi- 
tions are inherent in the mercury cycle and that no 
regenerative heating is required. 
Fic. 2 shows a typical flow diagram for the mercury- 
steam cycle. 


i i i i ilati icles, it can be 
This article is so paged that, without mutilating other articles, 
readily removed for filing as a group of full-size consecutive pages.—EpiTor 
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HE MERCURY-VAPOR-STEAM CYCLE 


Explanation of why this binary cycle has a higher over- 
all thermal efficiency than is attainable by a steam 
cycle alone, and of how the mercury and steam compo- 
nents of the binary cycle are proportioned in practice 


Unit Equipment Division, Apparatus Department 
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The efficiency of a vapor cycle is largely determined 
by the temperature range through which it operates— 
Heat from the burning fuel is absorbed by liquid 
mercury within the tubes of the mercury boiler to form 
mercury vapor which passes from the boiler to the 
mercury turbine where the vapor releases a portion of 


‘its energy to drive the generator and produce electric 


power. The mercury vapor exhausted from the turbine 
passes into the vacuum shell of the mercury-condenser- 
boiler. There it condenses and releases its heat of vapor- 
ization to the water within the tubes. The liquid mer- 
cury is returned from the sump, or hot well, to the 
mercury boiler by a mercury-feed pump. 


The water in the condenser boiler, which absorbs the 
heat from the exhaust mercury vapor, may be boiled 
into steam at any desired pressure. The steam so 
derived, after being superheated by re-circulation 
through tubes located in the gas passages of the mercury 
boiler, is available for driving a steam turbine or such 
other uses as may be desired. In effect, the condenser 
boiler which condenses the mercury vapor and boils the 
water is an evaporator which makes possible the use of 
water of poorer quality than could be tolerated in a 
conventional steam cycle. 


Fig. 2. 


Typical flow diagram of the mercury-steam cycle. The con- 
tinuous heavy black line represents the flow path of the mercury and its 
vapor; the dotted heavy black line the path of the steam toward its point 
of utilization, either in a turbine or for process work; and the continuous 
light black line the return path of the steam condensate 
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Fig. 3. Available energy from mercury vapor (upper curve) and from 
steam (lower curve) on a comparable basis, achieved by correction to 
the same total initial heat of 14971 Btu. Initial conditions: mercury 
vapor 155 psia, 975 FTT, total heat 154.22 Btu per lb; steam 2300 psia, 
1050 FTT, total heat 1497.10 Btu per lb 


the greater the range, the higher the efficiency of the: 
cycle. This may be expressed by the equation 


fi bs 


ra 
Ti 


wherein E represents the efficiency and T; and T»2 the 
temperature range through which the cycle operates, in 
degrees absolute. 

It makes a considerable difference whether the high 
temperature is obtained by increasing the pressure or 
by superheating the vapor. The energy required to 
superheat vapor to a certain temperature is only a 
fraction of that necessary to obtain the same tempera- 
ture by increasing the pressure and maintaining the 
vapor in a saturated state. 

The mercury cycle, superimposed on a steam cycle, 
boosts the efficiency of the resulting cycle because of 
the high boiling temperature of the mercury. For ex- 
ample, at 140 psig, mercury boils at 975 F, whereas at 
1250 psig, water boils at 575 F. With 975 F mercury 
and a proper selection of steam and fuel conditions, 
thermal efficiencies of 35 to 38 percent can be attained. 

The mercury portion of a mercury-steam cycle can 
be considered as a topping cycle whether the lower 
steam portion is used to produce additional power, as 
at the Schiller Station*, or for process work. Topping 
kilowatts, as such, require the expenditure of approxi- 
mately 4000 Btu per hour from the fuel, regardless of 
whether the topping power is produced by a steam: 
topping turbine or by a mercury topping turbine. How- 
ever, mercury topping plants, as generally applied, will 
produce about twice as many 4000 Btu kilowatts per 
pound of high pressure steam as can be obtained from 
other topping cycles. 

Fic. 3 gives a clue to why mercury topping power 
ratios are so high and, therefore, why the over-all 
station heat rate is so low in the Schiller Station. In 
this comparison, the total heat of the mercury vapor 
and its competitor, high-pressure steam, have been 
corrected to the same total heat as is contained in one 
 *Fo? a description of the station, see the article ‘‘The New Schiller Station: 


Complete Mercury Unit Power Plant,” by H. N. Hackett, in this issue of the 
REvIEw.—ED. 
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ound of 2300 psig, 1050 FTT? steam, or to 1497 Btu. 
or this total heat, 9.7 lb of mercury vapor must flow 
rough a mercury turbine for each pound of 2300 psia 
eam flowing through a 2300 psia steam turbine. 

As a basis for comparing the topping capabilities of 
ese two cycles, the upper curve is a plot of the avail- 
ble energy of approximately 9.7 lb of mercury vapor 
hen used to produce topping steam at various pres- 
res in the mercury condenser boilers. The lower curve 
a plot of the available energy of one pound of 2300 
sia steam used in a turbine, exhausting at various 
ack pressures. 

At 400 psig steam pressure the available energy 
atio of mercury to steam is 442/220 or almost exactly 

to 1 and at 1250 psig the ratio is 320/87 or almost 
ey to l. 
_ The fact that the available energy of mercury vapor 
hanges only some 27.5 percent when producing steam 
n the condenser boiler at pressures varying from 400 to 
250 psig makes it possible to design standard mercury 
nits for wide ranges of steam pressures with a rela- 
ively small change in mercury-turbine output. 

For noncondensing steam-turbine operation over the 
ame back-pressure range, the available energy of 2300 
sia steam varies about 60 percent. 

Fic. 4 shows a typical flow diagram of what is called 

condensing-plant application, such as that at the 
chiller Station. As its name implies, it produces elec- 
ric power only. To accomplish this, a condensing steam 
urbine (as shown in FG. 4) of suitable size and design 
is included as a part of the mercury-unit power plant. 
n application of this sort is usually added to power 
ystems because of needed capacity brought about 
ither by obsolescence of existing equipment or by 
increased power requirements. As a condensing-plant 
application, the mercury-unit power plant will pro- 
duce power at the lowest plant net heat rate compared 
with other cycles of comparable size. 


+FTT signifies degrees F total temperature.—Ep. 


Fig. 4. Typical flow diagram of condensing-plant type of application 
| of the mercury-steam cycle. The steam-turbine-generator and its prime 
auxiliaries are indicated at the right. The symbolism is the same as 

that utilized in Fig. 2 
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DESIGN ENGINEERS 


CAN YOU USE 


A RESISTANCE MATERIAL 
in which / caries as 42 


may be the an- 

swer to some of 
your circuit problems. It is a silicon- 
carbide ceramic material, dense and 
mechanically strong, having nonlinear 
resistance characteristics—the resistance 
varying as a power of the applied volt- 
age. Its resistance characteristic is stable, 
and substantially independent of polarity 
or frequency. Thyrite® has been used for 
many years in important applications, 
including electronic. It can be produced 
in various shapes and sizes (those which 
can be successfully molded). 


Some of its MANY APPLICATIONS 


For protective purposes (to limit voltage surges). 

As a stabilizing influence on circuits supplied by 
rectifiers. 

As a potentiometer. (The division of voltage can be 
made substantially independent of load current.) 

For the control of voltage-selective circuits, either in- 
dependent of or in combination with electronic devices. 


100,000 


AMPERES—INSTANTANEOUS (LOGARITHMIC SCALE) 


Typical volt-ampere characteristics of Thyrite resistors of 
several resistance levels and power ratings. Note that the 
nonlinear voltage-current characteristic extends over an ex- 
tremely wide current range. Compare it with the characteristic 
(heavy line) of a 1-megohm linear resistor. Apparatus Dept., 
General Electric Company, Schenectady 5, N. Y. 


Contact your nearest G-E office for additional data 
or address Transformer & Allied Product Divisions, 
General Electric Company, Pittsfield, Mass. 
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SCIENCE NEWS FROM GENERAL ELECTRIC 


electron-diffraction instrument 


for speeding research on lubricants, metallurgy, catalysts, 


pigments, surface deposits, and graphite 


With this G-E instrument you can do re-_ and size of crystals; and often reveal thin 
surface films not “picked up” by other 
methods of analysis. For example, you 
fivetsecands Gre crequited fo photograph may discover new lubricants, or lubricant 
; additives. Write for Bulletin GEA-4905. 
Seems er Apparatus Department, General Electric 
Photographs show composition, orientation, Company, Schenectady, New York. 


search work on surface conditions not 


possible with X-ray techniques. Only about 


ber of the electron-diffraction 
instrument will ‘enable you to analyze up to 5 spec- 
imens ranging from 0.1 to 4 inches in diameter, 
without breaking vacuum. : 


There are many G-E equipments for chemical analysis. 
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By HAROLD N. HACKETT 


General Electric Company 


HE Schiller Station is the first installation of a 

mercury-unit power plant designed and built as 
a complete power-generating unit. As such, the station 
consists of two standard-design 7500-kw mercury units 
and one 25,000-kw steam-turbine-generator set co- 
ordinated in design and rating to produce a power- 
generating unit having a rated capacity of 40,000 kw. 


DESIGN AND ARRANGEMENT 


Fic. 1 shows a longitudinal cross-section drawing of 
the station, facing south. The physical layout of the 
plant was arranged to facilitate equipment operation 
and to take full advantage of site terrain with regard 


THE NEW SCHILLER STATION: 
COMPLETE MERCURY UNIT POWER PLANT 


Combined use of mercury-vapor and steam generating units will enable 
this station, opened last January by the Public Service Company of New 


Hampshire, at Portsmouth, to produce more output with a given amount 
of fuel than any other generating station of comparable size yet built 


Construction Engineering Division, Apparatus Department 


Marth, Nechexh 


The building is designed with the main entrance and 
lobby, the station supervisory offices, the testing lab- 
oratory, and the electrical control and electrical switch 
bays all housed in the low extension on the east side 
of the plant (left in Fic. 1). The two 7500-kw mercury- 
turbine-generators and condenser-boiler sets and the 
25,000-kw steam unit, with their necessary auxiliaries 
and accessories, are located in the large turbine room 
shown in the left center of Fia. 1. 


Equipment 
Two 7500-kw mercury boilers, complete with their coal 
and fuel oil supply systems and other associated equip- 


Fig. 1 
ongitudinal-section drawing 


to supplying the plant with necessary cooling and con- 


densing water and with fuel. 
The condensing-water intake screen house is located 


on the river bank east of the main building; the coal 


and fuel oil storage yards and the high-tension switch- 
_yard are all suitably located on the high ground beyond 
the railroad tracks, west of the plant. 


—=—>} = 
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ment, are housed in the high boiler and coal-prepara- 
tion rooms adjacent to and west of the turbine room. 
Also located within this area are the various water 
treating, water storage, and feed-water heating equip- 
ment, auxiliary power-supply equipment, and other 
accessories required to produce a well-balanced and 
self-sufficient power plant. 


The two induced-draft fans, with one centrally 
located stack, and the ash-precipitation equipment 
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are mounted in the low extension at the extreme western 
end of the building. 


Fuel 

The station is equipped to operate with either 
Bunker ‘“‘C”’ fuel oil or pulverized bituminous coal as 
the fuel. Each of the two types of fuel-burning equip- 
ment is of standard design, with the exception that a 
set of low-load fuel-oil burners has been provided for 
each mercury boiler to satisfy expected station mini- 
mum load conditions. 


When the plant is operating on Bunker ‘‘C’’ fuel oil, 
as at the present time, the fuel oil flows by gravity 
from the main storage tanks into the 3000-gallon 
station-storage tank located in a concrete vault at the 
west end of the building. 

The fuel oil is then pumped from this storage tank 
through the fuel-oil heating system, metered, and 
finally burned in the mercury-boiler furnace at the 
rate required to satisfy the station load demands. 

When it is desired to operate the plant with pulver- 
ized bituminous coal as the fuel, crushed coal from the 
storage yard is brought into the station by means of 
an inclined-belt conveyor, which distributes the coal 
to the 1200-ton coal bunker mounted in the coal- 
preparation bay at the front of the two mercury boilers. 

The coal flows downward from the bunker through 
suitable pipes; it is weighed and then pulverized before 
entering the furnaces. 

Fly ash produced from the burning coal is caught 
by the fly-ash precipitation equipment and removed 
from the station by a pneumatic removal system. 

The entire station follows, to a considerable degree, 
the general design and arrangement of the usual steam 
generating station, with only minor alterations in the 
equipment arrangement to meet the requirements of 
the mercury-steam cycle. 


Building 

The building was fanctionalle designed with th e 
idea of emphasizing, in its appearance, the fact that 
the most modern and efficient equipment is used. in this 
power plant. A pleasing modern effect was accomplished — 
by proper use of materials rather than by use of arti-. 
ficial ornamentation. 

The welded-steel frame of the building rests on a 
reinforced-concrete foundation mat laid on solid rock. 
The low modernistic main entrance and the use of red 
face brick and ample window areas for the lower por- 


Turbine room of the Schiller Station. 
In the foreground is the 25,000-kw 
steam-turbine-generator; in the rear, 
one of the station’s two 7500-kw 
mercury-turbine-generators 


tion of the building, all contrasting in color with the 
black prefabricated walls of the high boiler room bays, 
produces a structure that is low in cost and modern in 
appearance. 

The interior was likewise designed to utilize ma- 
terials and space to the best advantage. Suitable choice 
of functional colors for painting the equipment and 
interior building surfaces, together with the use of 
proper light intensities, has given the operating per- 
sonnel a station attractive in appearance and easy to 
keep clean. 

The electrical control room is elevated above the 
turbine-room floor so that the control-room operator 
has a complete view of the main operating floor, upon 
which are mounted the two 7500-kw mercury-turbine- 
generator sets and the 25,000-kw steam unit. Such an 
arrangement will be of considerable value to the oper- 
ating personnel in case of electrical troubles on the 
power-distribution system or difficulties within the 
Schiller Station itself. Likewise, should the station 
intercommunications system fail, the electrical-control- 
room operator and the equipment and plant super- 
visory-control-room operators could more readily 
communicate with each other by speech or signals than 
would be the case if the control rooms were less con- 
veniently located. 


90 GENERAL ELECTRIC REVIEW March, 1950 


OPERATION 


Actual control and operation of the mechanical 
equipment within the station is from the centrally 
located supervisory control room on the main oper- 
ating floor. Practically all of the station auxiliary equip- 
ment is started or stopped by suitable control switches 
in this room; the three main turbine sets must be started 
by hand control on each unit. When the main equip- 
ment is once in operation and ‘‘on line,” the complete 
control and loading of the units is by either manual 
control or full automatic control from the supervisory 
control room. 

There are four fuel-oil burners per boiler, which 
should be installed, cleaned, or changed as required, 
although the actual control of the firing rate is regu- 
lated automatically by the automatic combustion- 
control equipment or manually, as desired, from the 
supervisory control room. 

Unlike the usual steam-generating station, when the 
plant is operated at base load, the two mercury tur- 
bines operate with their control and stop valves in the 
wide-open position, thereby receiving their mercury 
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Electrical control room. At right is the duplex panel for controlling high- 
voltage circuit breakers in the switchyard. Panels for controlling the two 
mercury-turbine-generators and steam-turbine-generator are at left 


Supervisory control room. In front of the seated operator is the indicating 
board of the annunciator system, which shows any abnormal operating 
conditions. Another operator stands near one of the mercury-boiler con- 
trol panels 
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vapor directly from the vapor drums of the mercury 
boilers. The electrical output from the mercury-turbine- 
generator is therefore a direct function of the rate of 
vapor generated by the fuel supplied to the mercury- 
boiler fuel burners. The greater the electrical load de- 
mand, the greater the direct fuel requirements. 


Condenser unit for the 25,000-kw steam-turbine-generator 


The effect of such an operating procedure upon the 
output of the 25,000-kw steam-turbine-generator is 
quite definite and positive, as the steam produced by 
the rejected heat of the mercury turbines’ exhaust must 
be utilized by the steam-turbine-generator to produce 
some 60 percent of the total electrical output of the 
station. Therefore, as in the two mercury-turbine sets, 
the electrical output of the steam unit and subsequently ~ 
the entire station is really a direct function of the rate 
of fuel burned in the mercury boilers. An increase or 
decrease in the load demands upon the station must be 
satisfied by the quantity of fuel burned. 

If desired, the station can be operated to control the 
system frequency by proper manipulation of the steam- 
and mercury-turbine speed governors. At present the 
station is operating as a base-load unit, thereby utilizing 
this highly efficient power plant to produce the maxi- 
mum amount of 9200-Btu kilowatt-hours for use by 
the system. The electrical energy thus produced is 
generated at 13,800 volts, 3 phase, 60 cycles, and the 
output of the three generators is paralleled on the 
13,800-volt bus, from which outgoing feeders are run 
to the step-up power transformers located in the out- 
door substation. 


AUXILIARIES 

Power for operating the station auxiliaries is taken 
from the main bus through two transformers which 
supply two groups of 2300-volt auxiliary switchgear. 
Connected to each one of these groups is a load-center 
substation for the 460-volt services. 
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All motors of 100 hp and more are supplied at 2300 
volts from the 2300-volt switchgear; the integral-horse- 
power motors of less than 100 hp are supplied at 460 
volts, either directly from the 460-volt load centers or 
from Cabinetrol groups located in the auxiliary switch- 
rooms. A few motors are supplied through individual 
starters connected to feeders originating at the load 
centers. Fractional-horsepower motors and the station 
lighting system are supplied at 115 or 230 volts through 
small air-cooled transformers connected to load-center 
feeders. 

Should the main power supply fail, a 60-cell storage 
battery supplies energy for station controls and for 
emergency lighting. 

Automatic equipment is used extensively for trans- 
ferring auxiliary supply sources and bringing reserve 
auxiliaries into operation. An extensive annunciator 
system informs the control-room operators of the occur- 
rence of abnormal conditions in the operation of the 
station, while an automatic telephone system and a 
separate loud-speaker paging system provide com- 
munication throughout the plant. 


HEAT BALANCE 


The plant heat balance was set up on two bases: 
one to be applied when the plant is burning Bunker 
“C”’ fuel oil, and the second when the plant is operating 
with pulverized eastern bituminous coal as the fuel. 
The station gross generation is expected to be the same 
when operating with either oil or coal as the fuel, 
although the final net send-out per hour from the plant 
will be slightly less with coal firing because of the 
additional power requirements of the coal-preparation 
and certain other auxiliary equipment. The station net 
heat rate is lower when burning fuel oil because of lower 
auxiliary-power requirements and higher boiler effi- 
ciency. When operating at design rating, the plant net 
heat rate when burning Bunker ‘‘C”’ fuel oil is expected 
to be 9200 Btu per net kilowatt-hour, and 9420 Btu 
per kilowatt-hour when burning coal. In establishing 
the station heat balance, the mercury and steam pres- 
sures and temperatures were made _ conservative 
throughout, consistent with the basic requirements of 
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Boiler feed pumps which supply water to condenser-boilers of the station’s 
mercury-unit power plant 


high over-all plant efficiency, reasonable plant cost, and 
plant maintenance. 


SUMMARY 

As viewed by the designers, the performance and 
operation of the plant have been very gratifying. The 
first 7500-kw mercury unit and the 25,000-kw steam- 
turbine set started their preliminary runs on November 
19. The No. 2 mercury unit started its preliminary run 
January 14and was brought up to rated output during the 
afternoon of January 16. As a result, the Schiller Station 
produced rated output of 40,000 kw for the first time. 

Although the operating personnel of the station did 
not have previous experience in operating a mercury- 
unit power plant, these men have, in an incredibly 
short time, assumed complete operating responsibility 
for the plant, with only minor supervisory assistance 
from the designers. This situation, of course, is the 
result largely of capable and efficient effort on the part 
of the operating personnel and, in a minor degree, of the 
operating simplicity of the mercury-steam equipment. 

The designing, building, and operation of Schiller 
Station has been a successful undertaking, made possi- 
ble only by the combined efforts of the owners, the 
designers, and the men whose jobs it was to fit the 
parts together and to operate them. 
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STEAM TURBINE FLOW-PRESSURE 
CHARACTERISTICS .. . Part I 


A simple exposition of elementary turbine characteristics that are 
sensed exiernally; for example, by pressure gages and thermometers. The 
relationship between flow and pressure as biased by temperature 


By J. KENNETH SALISBURY 


Division Engineer, Thermal Power Systems Division 
General Engineering and Consulting Laboratory 


General Electric Company 


O SIMPLIFY our understanding of the character- 

istics of steam turbines we may divide our thinking 
into two.distinct parts: (1) consideration of the flow- 
passing ability of the turbine, and (2) consideration of 
the efficiency characteristics of the turbine. Though 
such a division of the thought processes may seem 
difficult, it is well worth while, and thorough under- 
standing is easier if such a division is observed. The 


oe 


adequately set forth the efficiency characteristics of 
turbines cannot, however, be adequately covered in a 
short article. The turbine designer acquires an under- 
standing of these characteristics only through long- 
continued contact with the turbine business, particu- 
larly the testing and design aspects. 

The steam turbine may be considered equivalent, in 
many respects, to a series of orifices through which 


Tandem-compound 100,000-kw 3600-rpm steam-turbine-generator (in foreground). This turbine has 24 stages, 
with double-flow low-pressure element 


logic behind such thinking lies in the fact that the effi- - 


ciency of steam turbines, particularly large ones, lies 
within a relatively narrow range of, say, 75 to 85 per- 
cent, while the ‘flow which steam turbines pass varies 
from very small values to the largest values, a variation 
which exceeds 20:1, even if we confine our attention to 
turbines of larger than 10,000-kw rating. In this article 
is covered the general subject of the flow-passing ability 
of turbines. The ramifications and detail required to 


This article will constitute part of the book Steam Turbines and Their 
Cycles, by uF Kenneth Salisbury, to be published by John Wiley and Sons, 
fee las ork), It is preprinted here by permission of the author and pub- 
isher.—Ep. 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpItTor 
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steam is passing, and between any two of which exists 
a certain pressure that depends entirely on the quantity 
of steam being passed and the area of the orifices follow- 
ing that point. Such an analogy may be represented by 
the static piece of apparatus shown in Fic. 1. Steam is 
supplied to the steam inlet at stated initial conditions, 
shown as 1250 psig, 950 F. The various numbered 
spaces represent the space following the corresponding 
stages in the turbine, and the final space represents 
the condenser*. The “‘first stage”’ is represented as having 
two orifices, while all the others have only one. This 


_ *To carry out the analogy more accurately one might imagine a cooling coil 
installed in each chamber to represent the abstraction of heat, which in the 


turbine is accomplished by conversion of heat to mechanical work taken out 
through the wheel and shaft. 
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simulates a turbine in which two control valves are 
used, each controlling a nozzle passageway represented 
by the respective orifices in the “‘first stage.” 


If a given quantity of steam is supplied to the simu- 
lated turbine in Fic. 1, the pressure in each stage of 
the turbine, represented by the numbered spaces, will 
assume a certain-particular value, depending on the 
sizes of the orifices. No other values of the pressures will 
permit the steam supplied at the throttle to be passed 
through this series of restrictions at a constant rate. 
Furthermore, the quantity of steam which will be passed 
by the simulated turbine is entirely fixed by the size of 
the orifices in Fic. 1, for given inlet and exhaust con- 
ditions. If it is desired that more steam be passed by 
the device, the pressure in the valve chest space, desig- 
nated as V, must increase. In fact, it will be found that, 
if the absolute pressure is doubled, the flow will also 
exactly double, provided the temperature in the valve 
chest space is unchanged. Simultaneously, the pressure 
in all the other spaces will also double. Thus it is true 
that the flow-passing capacity of a turbine is directly 
proportional to the initial absolute pressure at constant 
initial temperature. 


In a normal turbine design the last stage is of large 
diameter and rotating at very high speed, so that, for 
reasons which will later be apparent, more percentage 
pressure drop is required across the last stage than 
across any of the other stages in the turbine. Therefore 
the pressure ratio across the last stage is normally 
higher than critical. Thus, the pressure ahead of the 
last stage is greater than approximately twice the con- 
denser pressure (the pressure ratio may be as high as 
3:1 or 4:1 in many designs) so that the flow passing 
through the last stage is in direct proportion to the 
pressure ahead of it. For this reason, even though the 
pressure ahead of the last stage drops to a fraction of 


A 60,000-kw 3000/3600- 
rpm 20-stage steam-tur- 
bine-generator 
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——_ 1250 psie(_ @) 


Fig. 1. Diagram of a simple system simulating the flow characteristics 
of a multistage turbine 


its original value, the flow through the last stage will be 
under supercritical pressure conditions, so that it is still 
in direct proportion to the pressure ahead of the last 
stage. 

We have arrived at the conclusion that the pressure 
in space 4 (Fic. 1) is proportional to the flow, and also 
that the pressure in the valve chest is proportional to 
the flow. It is logical to generalize, then, that all the 
remaining pressures (in stages 1, 2, and 3) are propor- 
tional to the flow. Thus we may say that at constant 
inlet temperature all the stage pressures in a turbine 
are directly proportional to the flow under nonextrac- 
tion conditions, provided the number of first-stage 
nozzles in use remains unchanged. 

If one of the nozzle groups shown in the first stage 
of Fic. 1 is closed off, it is clear that less flow will pass 
through the first stage, for a given initial pressure, than 
with both nozzle groups open. If the nozzle groups are 
of equal area, then approximately 144 as much flow will 
be passed with one of the groups closed off. This is 
exactly true if the flow condition in the first stage is 
supercritical with both nozzle groups open. However, 
when it is subcritical, passage of less flow due to closing 
off of one nozzle group causes the pressure in the first- 
stage shell to decrease to approximately half its original 
value, the initial pressure remaining constant, making 
the pressure ratio across the first stage greater and 
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permitting it to pass somewhat more than half flow as 
a result of the less restrictive flow condition. The pres- 
sure in the first-stage shell, on the other hand, will still 
vary almost in direct proportion to the flow being passed 
through the second and ensuing stages, despite the fact 
that one of the groups in the first stage has been closed. 
We have here utilized the fact that at constant tempera- 
ture the pressure preceding any section of a turbine is in 
direct proportion to the flow passing through that sec- 
tion of the turbine provided only that no additional 
““flow-passing ability’’ is given to that section of the 
turbine. Additional flow capacity might be given to the 
section of the turbine, for example, by opening an 
extraction opening or removal of a stage. Since decrease 
in first-stage shell pressure is accompanied by a change 
in temperature, there is not a strict proportionality 
between pressure and flow, as will be demonstrated later. 

It is clear by the foregoing that the first-stage shell 
pressure is not determined primarily by the first-stage 
nozzle area. This is strictly true, although it may appear 
not to be on first thought. Actually changes made in 
the first-stage nozzle area affect the flow passed by the 
turbine, but, once that flow has been determined, it is 
strictly true that the first-stage shell pressure is in 
direct proportion to the flow (except for the minor 
temperature effect considered later) passed through the 
succeeding stages. If all the first-stage nozzles were 
closed and steam were admitted through an opening 
in the shell the point is made clear. Only the quantity 
of steam flowing through the second and following stages 
determines the first-stage shell pressure. 

These conclusions are predicated on the temperatures 
at the various points remaining unchanged. However, 
for a given pressure ratio, the flow-passing ability (W) 
of a nozzle may be shown to be proportional to its 
initial pressure (p1) and inversely proportional to the 
square root of the absolute temperature (7,1). We may 
write this relationship 


WaKige (1) 


It also may be shown that the flow-pressure relationship 
can be expressed alternatively, in terms of volume, by 


W=Ky |? (2) 
V1 

Equation (2) is more accurate than Equation (1), which 
assumes the characteristics of steam to be those of a 
perfect gas. However, Equation (1) will be of greater 
usefulness, because temperatures are more readily 
available in calculation than specific volumes, and the 
relationship is quite accurate over the range where it is 
normally used. This law requires that the pressure ratio 
causing flow to be constant. Since all the stage pressures 
are proportional to flow (at any constant temperature) 
they must always be proportional to each other, and 
thus the constant-pressure-ratio requirement of the 
two given equations is met. It may be deduced from 
Equation (1) that an increase in initial temperature of 
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Final pressure, 449 psia 


p 


Mollier diagram illustrating determination of 
first-stage shell pressure 


Fig. 2. 


approximately 25 F causes a decrease of about one per- 
cent in flow passed by a turbine in the normal tempera- 
ture range. 

Whenever flow-pressure relationships are under con- 
sideration, we may state certain laws on the assumption 
that the temperature is constant. This has already been 
done. However, if we wish, we may now broaden our 
perspective and regard not the pressure but the quan- 
tity (p1/ VT;) as the proper variable. In other words, 
while all previously stated rules have been given in 
terms of pressure, they might also have been given in 


terms of (p1/ VT,), since the two variables always occur 
in this combination. For example, the first-stage shell 
pressure in a turbine is related to the flow by Equation 
(1) provided no changes are made in the flow-passing 
ability of the second and following stages. Further- 
more, this same relationship describes the flow to the 
whole turbine, with the same reservation. If a change is 
made in the first-stage nozzle area by opening or clos- 


ing control valves, the constant K, changes. 


Since first-stage shell pressure is a variable used many 
times in problems of turbine design, a short explana- 
tion of its variation with flow in an actual turbine is 
indicated. Using Equation (1), we may determine the 
first-stage shell pressure of any turbine at any flow to 
the turbine, once we know its value at the design condi- 


P | A, 
7 
Design point @ 


W, Ww, 
Throttle flow, W 


Fig. 3. Variation of stage pressures with flow 
in a multistage steam turbine 
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tion. We must know the flow, pressure, and temperature 
in the first-stage shell for this condition. Knowing the 
flow at any other condition, we may determine the 
pressure by successive approximations of the first-stage 
shell temperature and the relationship given in Equa- 
tion. (1). These successive approximations of first-stage 
shell temperature depend on the efficiency of the first- 
stage and do not offer any difficulty, once the principle 
is understood. 

Let us assume we have a design for which the follow- 
ing conditions apply: 


Q=100,000 Ib per hr (to the second stage) 
Pi= 1000 psia 


71200 Babe } (following the first stage) 


This design condition is represented in Fic. 2 
double-circle point. 


as the 


Two 5000-kw double-auto- 
matic-extraction turbine- 
generators installed in an 
oil refinery 


Suppose we wish to determine the first-stage shell 
pressure when the flow through the turbine is 50,000 lb 
per hr. We know that if the temperature in the first- 
stage shell remains unchanged (which it will not) the 
pressure will be 500 psia; hence assume 500 psia as a 
trial value. Calculation of the efficiency of the first 
stage indicates that the temperature in the first-stage 
shell is not 1200 F abs but only 1000 F abs. Our second 
trial first-stage shell pressure may now be calculated, 
using this new (and still erroneous) temperature 

000 OE a66 psia 

100,000 1200 
The second trial first-stage shell pressure is 456 psia. A 
recalculation of the efficiency of the first stage at this 
pressure indicates that the first-stage shell temperature 
is not 1000 F abs but only 970 F abs, so that a third trial 


must be made 


50,000 [970 
ee SS [00% | = 449 Psia 
P1= 750,000" 1200 


1 


March, 1950 


GENERAL ELECTRIC REVIEW 


It is apparent that the trials are converging rapidly, so 
that 449 psia is probably an accurate figure. 

It will soon be learned that in making such trials an 
allowance should be made initially for the effect of first- 
stage shell temperature in decreasing the pressure, so 
that frequently one trial may be eliminated; often the 
first-stage shell pressure may be determined correctly 
on the first trial. 

The foregoing example indicates that the proportion- 
ality between the flow and pressure in an actual turbine 
is not a strict one for the first-stage shell pressure be- 
cause of the change in the first-stage shell temperature. 
In an actual example the first-stage shell temperature 
decreases with the pressure. For this reason there is a 
slight “‘dip”’ in the first-stage shell pressure curve with 
respect to a straight line drawn through zero from a 
known design point. This is illustrated in Fic. 3, in 


which are also shown the shell pressures for other stages 
in the turbine. j 

As indicated in Fic. 3, the first-stage shell pressure 
at a point midway between the design point and zero 
flow is usually about 5 to 7 percent lower than indicated 
by straight proportionality. Though this rule is useful 
for estimating, there need never be any doubt as to the 
true shape if the first-stage efficiency is known, even 
approximately, because the foregoing method may 
easily be applied to find the exact magnitude of the 
departure from a straight line. 

It is interesting to use the fact that the percentage 
change in pressure is about 1.11 times the percentage 
change in flow in speculating on the shape of the shell 
pressure curve for a turbine, when plotted against flow. If 
we assume, for the moment, that the same state line (say, 
85 percent turbine efficiency) applies at all flows, we may 
write the pressure-flow relationship in differential form: 

dp dw 


Seite Ul Le 
Ww 
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Integrating and taking the antilog of both sides, 
p=Wwin 


where p and W represent fraction of design stage pres- 
sure and flow, respectively. 


At half flow, 
ape pee EE: 


or 0.0367 +0.500 =7 percent less than a linear relation- 
ship would give. 

At lower flows, since the efficiency becomes poorer, 
the temperature in a given stage is higher than it 
would have been under the above assumption; hence, 
the pressure is also slightly higher. However, we may 
regard the figure 7 percent as the approximate maxi- 
mum deviation from a straight-line relationship that 
can occur in a normal turbine. Because the ratio 1.11 
is valid for only a short range, the reasoning outlined is 
chiefly qualitative and intended only to rationalize the 
“dip” in shell pressure curves. 

The stage flow coefficient never varies appreciably 
in a constant-speed machine. In a variable-speed ma- 
chine such as a marine propulsion turbine, however, as 
the speed increases beyond a certain point, the flow- 
passing ability of a stage begins to be affected by a 
‘“choking”’ in the bucket passage. That is, as the bucket 
moves faster, the relative velocity of the entering steam 
becomes less and finally becomes inadequate for passing 
the required flow through the bucket. Such action re- 
quires the automatic building up of pressure at the 
bucket entrance (to develop the additional velocity 
required), hence a restriction on the nozzle’s flow-pass- 
ing ability. The net decrease in flow-passing ability in 
effect reduces the effective area of the nozzle and causes 
an increase of its inlet pressure, to compensate. We 
have, effectively, decreased the nozzle area as the speed 
is increased. This causes an appreciable increase in 
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at 
first-stage shell pressure beyond that called for by the 
flow formula, as the flow increases simultaneously witli 
the speed. Such action is common in a marine turbine. 
However, below the speed at which the bucket areas 
are adequate, the machine behaves like a constant- -speed 
machine. It may also be mentioned that frequently this 
“choking’’ action is desired by the designer and is not 
necessarily detrimental to the efficiency. 

It is important to point out the fact that at any 
given flow, such as W; or W2 in Fic. 3, the relationship 
between the respective shell pressures, taken as a 
pressure ratio, is exactly constant regardless of the two 


Lowering the shell of a 
steam turbine. This opera- 
tion gives a glimpse of the 
internal structure that em- 
phasizes the flow problems 
in turbine design 


Steam-turbine-generator in 
bower plant of a paper mill 
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P critical 


Ww 


Fig. +4. Determination of first-stage shell pressure and flow for known 
first-stage nozzle area 


flows chosen for comparison. We may generalize, there- 
fore, that the shell-pressure ratios remain exactly 
constant throughout the flow range, even though the 
first-stage shell pressure is not exactly proportional to 
the flow. Thus, all the stage shell pressures partake of 


the characteristics of the first-stage shell pressure in like” 


amount, so that each remains the same fraction of the 
first-stage pressure throughout the flow range. Such 
variation implies that the absolute temperatures in the 
respective stages must also vary with flow in proportion 

to that of the first stage. This is so nearly true, in the 
superheat region particularly, that the rule may be 
accepted as a fact. It is very useful to turbine designers. 
One must always remember that the rule is strictly 
true only provided that the flow-passing ability of the 
respective parts is not changed. 

In turbine design, the problem of determining the 
flow which will be passed by a certain group of first- 
stage nozzles (corresponding to a given number of con- 
trol valves) is frequently encountered, where all the 
design data are known. This problem resolves itself into 
a determination of the first-stage shell-pressure condi- 
tions under which will be satisfied simultaneously (1) 
the relationship between pressure and flow for the stages 
after the first and (2) the flow-passing ability of the 
first-stage nozzles. Suppose, for example, we know the 
pressure ahead of the second stage of a turbine as a 
function of the flow, and that this pressure is that indi- 
cated in Fic. 4 by the curve marked poz. 

If we know the area of the group of nozzles in the 
first stage supplied by the first control valve, we may 

‘calculate the flow passed by this group of nozzles at any 
assumed pressure in the first-stage shell. Suppose that 
this flow-passing ability of the first group of first-stage 
nozzles is that represented by the curve marked ; in 
Fic. 4, in which flow is plotted against first-stage shell 
pressure. To calculate this curve we assume various 
pressures following the first stage and calculate the 
flow that would be passed by the known nozzle area 
using the applicable flow coefficient, with the assumed 
first-stage shell pressures. It will be found that the flow 
passed progressively increases as the pressure following 
the nozzle is decreased, until critical pressure is reached. 
Then the flow no longer increases but remains constant 
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at its maximum value. For this reason the curve pi in 
Fic. 4 becomes a vertical line as it crosses the line 
marked P eviticat* 

If two nozzle groups in the first stage are open, a 
similar calculation may be made to determine the flow 
passed by both groups taken together, as the pressure 
following them is decreased. Such a curve is that 
indicated by the curve marked p, in Fic. 4. Two of the 
curves in Fic. 4 thus represent the flow-passing capacity 
of the first stage; the third curve represents the flow- 
passing capacity of the stages (commonly known as 
the “‘single stages’’) following the first stage. When the 
former two curves intersect the latter curve, we simul- 
taneously satisfy the requirements that the steam which 
passes into the first-stage shell space as a result of 
passing through the first stage may also be permitted to 
pass out of that space by going through the single 
stages. Thus the solutions to the problem, for one and 
two groups of nozzles open, are given by the respective 
intersections. The intersections indicate both the flow 
and the first-stage shell pressure that exist when the 
respective nozzle groups are open. In actual practice, 
the solution may be simplified if it is known that the 
first-stage shell pressure is lower than critical with 
respect to the first-stage inlet pressure, but where it is 
higher than critical much time may be saved by actu- 
ally constructing the curve shown in Fic. 4 to obtain a 
semigraphical solution. 


(To be continued) 
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and consistencies 
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HE use of x-rays as a means of measuring the 

thickness of steel as it is being rolled in a hot-strip 
rolling mill has already been described. The great 
success of this method of measurement has stimulated 
study of the possibilities of using other types of radia- 
tion in a similar manner. Of these, beta rays appear to 
hold the greatest. promise at the present time. 

Beta rays are electrons emitted spontaneously by 
certain radioactive materials. Depending on the nature 
of the source material, these electrons are emitted with 
maximum energies varying from a few thousand elec- 


-tron-volts up to several million electron-volts. Those 
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electrons emitted with high initial energy are able to 
pass through an appreciable thickness of solid material. 
For example, an electron with an initial energy of 1.3 
million electron-volts will lose only one half of its 
energy in passing through a sheet of aluminum 0.038 
in. thick. 


In principle, it is therefore possible to measure the 


thickness of a homogeneous sheet of material by placing 


a source of beta rays at a fixed position on one side of 
the sheet and measuring the number or the energy of 
the beta rays which pass through the sheet and reach 
a detector at a fixed position on the other side. Such a 
thickness gage has the important advantage of not re- 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpIToR 
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THICKNESS OF ALUMINUM ABSORBER 


give indication, record, or control of thickness 
of homogeneous materials of various textures 


without 


By DR. C. W. CLAPP and S. BERNSTEIN 


General Engineering and Consulting Laboratory 
General Electric Company 
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NONCONTACTING BETA-RAY THICKNESS GAGE 


Beta rays, measured by an ionization chamber, 


physical contact 


quiring physical contact with the sheet being measured. 
It can therefore be used to measure the thickness of 
soft, uncured rubber or plastic, of textiles or paper 
coated with soft, gummy substances, as well as harder 
materials such as glass, aluminum, steel, etc. 

Using an ionization chamber as detector, absorption 
curves (F1G. 1) are obtained, showing the detector cur- 
rent produced by a beam of beta rays after it has passed 
through different thicknesses of aluminum. The ioniza- 
tion chamber was filled with air at atmospheric pressure, 
and was provided with an aluminum window only 
0.001 in. thick to allow the rays to enter with the 
minimum of fixed absorption. The thickness of the 
aluminum absorber is expressed both in inches and in 
ounces per square yard. Essentially the same curves.are 
obtained for paper, plastic, or rubber, providing the 
thickness of the material is expressed in terms of its 
weight per unit area. Since the absorber thickness has 
been plotted on a logarithmic scale, the slope of the 
curve is a measure of the change of ionization current 
for a given small percentage change in the absorber 
thickness. The range of thickness over which a par- 
ticular source can be used effectively is limited at each 
end by loss in sensitivity, as evidenced by flattening 
of the absorption curve. 

The source chosen for the gage to be described con- 
sists of strontium 90. This material gives off beta rays 


This article was presented as a paper at the AIEE Winter General 
Meeting at New York, January 30—February 3, 1950.—Ep. 


(1) “An X-Ray Thickness Gage for Hot Strip Rolling Mills,”’ by C. 
W. Clapp and R. V. Pohl. Trans. AIEE, Vol. 67, 1948, pp. 620-626. 


Fig. 1. Absorption of beta rays in aluminum 
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with a maximum energy of 0.65 million electron-volts, 
and half-life* of 25 years. With each emission of an 
electron, an atom of strontium 90 is converted to an 
atom of yttrium 90. This product material is in turn 
radioactive, emitting beta rays with maximum energy 
of 2.16 million electron-volts and half-life of 62 hours. 
No gamma rays accompany the dissociation of stron- 
tium 90 or its daughter yttrium 90, in this respect unlike 
most radioactive materials. This simplifies measure- 
ments of the beta-ray beam and reduces the amount 
of shielding needed to prevent stray radiation. 

An ionization chamber was chosen as the means to 
measure the energy in the transmitted portion of the 
beta-ray beam. This detecting means has good sta- 
bility, does not require high voltages for its operation, 
and can operate satisfactorily over a wide range of 
beam intensities. The chamber is filled with air at 
atmospheric pressure and is sealed to prevent entrance 
of moisture or other vapors which might adversely 
affect its operation. 

The components of a complete beta-ray thickness 
gage are shown in block form in Fic. 2. Between the 
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source and the sheet to be measured is a motor-driven 
chopper or modulator which interrupts the beam 90 
times per second. The signal from the ionization cham- 
ber is therefore a 90-cycle signal which can be amplified 
by stable a-c amplifiers, thus avoiding the usual drift 
problems associated with low-level d-c amplification. 
To provide an expanded, easily-read thickness scale, a 
potentiometer-type measuring circuit is employed. In 
this circuit, the output voltage of the ionization cham- 
ber is compared with a second 90-cycle voltage of 
opposite phase which is adjusted in magnitude until 
the difference between the two voltages is zero. The 
comparison voltage is derived from a small permanent- 
magnet alternator driven from the chopper shaft. The 
attenuator used to adjust the magnitude of the com- 
parison voltage may be calibrated in terms of the 
thickness or weight per unit area of the material in 
the beam. 

Alternatively, the variable attenuator or gage dial 
may be set at the position corresponding to the desired 
thickness of material to be gaged. The difference be- 
tween the comparison voltage and the ionization- 
chamber voltage is then a measure of the deviation of 
the material from the desired thickness. 


*The intensity of any radioactive source, as measured by the number of 
particles emitted per second, falls off exponentially with time. The time 
required for the intensity of any source to fall to one half of its initial value 
is called its ‘‘half-life."’ 
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To read this deviation, the small 90-cycle differenc 
voltage is first amplified by a conventional electro 
eter-tube arrangement. The electrometer tube to: 
gether with its grid leak and associated circuit com- 
ponents is contained within the sealed ionization - 
chamber to minimize electrical pickup and leakage in- 
the high-impedance portions of the circuit. After fur- 
ther amplification, this voltage is then converted to a 
d-c voltage in a synchronous-rectifier type detector as 
shown in Fie. 3. . 

Very briefly, its operation is as follows: A constant 
reference or switching voltage e, obtained from the 
alternator on the chopper shaft is applied through 
transformer T, to two opposite corners of a. rectifier 
bridge. The amplified signal (deviation) voltage e, is 
applied through transformer JT; to the remaining two 
corners of the bridge. The reference voltage has an 
amplitude from two to three times that of the largest 
signal voltage, and therefore controls the operation of 
the rectifier bridge. 

During the half-cycle of e, when point A is positive 
with respect to C, the path ABC is conducting and the 


0.C MILLIAMETER 
(DEVIATION INDICATOR) 


Fig. 2. Block diagram of beta-ray thickness gage 


path ADC is essentially nonconducting. During this 
half-cycle, therefore, the winding HF on transformer 
Tz is connected across the load resistance Ry through 
the two parallel paths FBAE and FBCE. Similarly, on 
the next half-cycle of e, the winding HG is connected 
across R,; through the parallel paths GDAE and 
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SIGNAL 
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Fig. 3. Synchronous rectifier 


er 
REFERENCE VOLTAGE 


GDCE. If e; contains any 90-cycle component, a d-c 
voltage will be developed across R; proportional to the 
component of e, in phase with e,. 

The output voltage across Ry, is applied to a single- 
stage d-c amplifier and thence to a d-c milliammeter 
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calibrated in percent deviation. The output amplifier 
is capable of driving up to four such instruments for 
indicating or recording the thickness deviation. 
; Since the emission of beta particles from the source 
1s a random phenomenon, the strength of the beam is 
constant only in a statistical sense. The current in the 
ionization chamber therefore contains a fluctuating 
noise component analogous to the “shot” noise current 
in vacuum tubes. To reduce this noise component and 
permit easier reading of the deviation indicator, an 

| R-C type low-pass filter is inserted in the output circuit. 


Under these conditions, the rms signal-to-fluctuation- 
noise ratio is approximately equal to VonT, 


where »=number of primary beta particles entering 
ionization chamber per second 
T =time constant of single-section low-pass out- 
put filter 


In the derivation of this signal-to-noise ratio for 
ionization-chamber current, it is assumed that the 
current through the ionization chamber consists of a 
series of short discrete pulses of constant amplitude 
randomly distributed in time. Actually, of course, the 
pulse amplitudes vary through a considerable range 
‘depending on the energy distribution in the beam of 
particles reaching the chamber and on other factors 
related to the absorption process. The results obtained 
will therefore be only. a first approximation to the truth, 
and will err on the side of predicting a higher signal-to- 

noise ratio than is justified. 

For constant-amplitude pulses, the equation devel- 
oped for the shot noise in temperature-limited diodes 
is applicable and we may write 7?=2q JBI 


where 1=rms noise current (amperes) 
q=charge delivered by each constant ampli- 
tude pulse (coulombs) 
T=average chamber current (amperes) 
Af=noise band width (cycles per second) 
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Hence Z =) ul i i ' ; 
pa vay, = signal-to-noise ratio. Since [=n q 


where »=number of pulses per second in chamber 
current 


=number of primary beta particles enter- 
ing chamber per second, 


or 4 n 
we may write -~= —-- 
1 


Fig. 4. Beta-ray thickness gage: (Left to right) control cabinet, oper- 
ator’s panel, and gage head 


The noise bandwidth Af is determined by the trans- 
mission characteristic of the output low-pass filter. Let 
us assume this consists of a single R-C section, of time 
constant 7 =RC seconds. The transmission of such a 
filter in terms of frequency may be written 


1 
le ery 


eerie teal ‘1 
Peis flake (oe BY; 


; ar eayl: 
Therefore, the signal-to-noise ratio is == V2 We 
t 


To reduce the effect of random fluctuations in beam 
intensity, the strength of the source should be as great 
as possible, consistent with economy and safety of 
operation. Furthermore, the configuration or “geom- 
etry” of the gage should be such that the radiation 
detector will intercept as many as possible of the 
emitted beta particles. When this has been done, the 
time constant of the output filter may be selected to 
give the best compromise between high speed of re- 
sponse and low random fluctuations of the deviation 
indicator. 

The beta-ray gage, shown in Fics. 4 and 5, consists 


of three major units: the gaging head; the operator’s 
(Concluded on following page) 


33 


THERE’S A 


MAGNETIC 
AMPLIFIER 
TO FIT YOUR 
CONTROL 


NOW — for the first time — you can select a standard magnetic 
amplifier — to serve your 60-cycle control application. Vickers 
supplies from stock 28 styles — pre-engineered and laboratory 
tested with a choice of d-c or a-c output. Power (output) levels 
range from milliwatt to 108 watts maximum (d-c output). 

Comprehensive application data sheets are furnished to help 
Lae the Vickers magnetic amplifier for your control 
needs. 


A FEW OF THE MANY APPLICATIONS 
¢ Line-to-line Voltage Regulators « Hydraulic Transmission 
Controls + A-c and D-c Generator Voltage Regulators + Controls 
Relays + Speed and Frequency Regulators + Lamp and Furnace 
Controls + Temperature Regulators + Time Delay Devices 


READY NOW-THE Vickers EDUCATIONAL MAGNETIC AMPLIFIER 


Designed for school and industrial laboratory use, it permits 
study of all basic single-phase self-saturating circuits. Complete 
with Laboratory Experiment Manual and Magnetic Amplifier 
Design Handbook. 


° Write today for complete information on the Vickers Edu- 
cational Magnetic -Amplifier and for your copy of the Vickers 
Magnetic Amplifier Design Handbook which specifies character- 
istics and illustrates circuits. Please make request on your 
letterhead. 
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VICKERS ELECTRIC DIVISION 
VIGRERS me 


1807 LOCUST STREET © ST. LOUIS 3, MISSOURI 
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BETA-RAY THICKNESS GAGE 


(Continued from preceding page) 


panel; and a cabinet containing the electronic control 
circuits. 

The radioactive source, beam chopper, motor, and — 
alternator are mounted in the lower half of the gaging - 
head. The ionization chamber and preamplifier tubes — 
are mounted in the upper half of the head, which is — 
made airtight. On the operator’s panel are mounted the — 
deviation indicator, gage dial, and all other controls — 
necessary to operate and calibrate the gage. The re-— 
mainder of the equipment is housed in a separate dust-— 
tight control cabinet. 

Over a period of several hours, unavoidable drift in 
the ionization chamber characteristics and in tubes and 
circuit components may introduce reading errors which 


-must be corrected by recalibration of the gage. To 


maintain reading errors below 2 percent over the nor- 
mal thickness range of 5 to 150 ounces per square yard, 
a calibration check is specified at approximately four- 
hour intervals. 

To check the gage, all material must first be removed 
from the throat of the gage head. The head is normally 
mounted on a movable slide so that it may be easily 
removed from a process line for this purpose. A test 
plate is furnished with the gage for use in checking 
calibration. 

The gage dial is normally graduated in arbitrary 
units. This scale may be replaced by a special scale 
graduated in terms of the thickness of any desired 
homogeneous material. Alternatively, calibration charts 
may be used if many widely different materials are to 
be gaged. 

The deviation indicator may be used with auxiliary 
equipment to control the weight of material passing 
through the gage head, or to operate an alarm when 
the weight exceeds the desired tolerance. Other equip- 
ment may be used to return the deviation indicator to 
zero when there is no material in the beam, allowing 
more rapid gaging of sections or separate sheets. 
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Fig. 5. Beta-ray thickness gage shown with auxiliary equipment 
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Humid weather, once tough on pro- 


duction schedules, has been tamed 
with this 6,000 cfm. Lectrodryer. 


PRODUCTION 70t¢ an doubled 


BY FEEDING DRY AIR TO THEIR OVENS 


Delivery dates are kept at Pennsylvania Trans- 
former Company, Canonsburg, Pa. Coil drying, 
once a bottleneck in their production line, has 
now been standardized. Ovens are held at 115° 
and the air fed to them is DRY; they’re no longer 


n 


dependent on whims of the weather. het 


bs i 


A 92-hour drying period reduced to 32 hours; 
that’s a typical timesaving credited to this use 
of DRY air in this ultra-modern plant. 

You can take this variable, HUMIDITY, 


out of your production. Surround your proc- 


esses, your raw and finished materials in stor- 
age, with air dried DRY by Lectrodryers. 
You’ll speed up the work and hold quality 
of your products uniformly high. 

Lectrodryers DRY air, gases and organic liquids. 
Whatever your problem, there’s a model to han- 
dle it. Bulletin 216, ‘‘Because Moisture Isn’t 
Pink”’, shows you how other companies are using 
Lectrodryers. For a copy, write Pittsburgh 
Lectrodryer Corporation, 302 32nd Street, 
Pittsburgh 30, Pennsylvania. 


In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
In Australia: Birlec, Limited, 51 Parramatta Road, Glebe, Sydney. 


LECTRODR YER 


REGISTERED TRADEMARK U.S. PAT. OFF. 


GENERAL ELECTRIC REVIEW 


PROTECTIVE ATMOSPHERES IN INDUSTRY . . Part XI 


Inert gases and highly reducing atmospheres as applied to manufacturing + 


processes in a broad group of diverse industries contribute to equal, 
or better, product quality, with greater safety, and at reduced costs 


By A. G. HOTCHKISS and H. M. WEBBER 


Industrial Heating Divisions, General Electric Company 


DIVERSE INDUSTRIAL USES 


In addition to applications of protective atmospheres 
for the heat-treatment of metals described in Parts XII 
and XIII*, another broad grouping of diverse industrial 
uses includes applications of inert gases for: paint in- 
dustry for a variety of purposes; making rubber tires; 
inert-arc welding; safety in handling dusts or finely 
powdered materials in the drug, chemical, and other 
industries; and for general purging operations in fur- 
naces, gas holders, etc. Highly reducing atmospheres, 
on the other hand, are useful for processes such as 
atomic-hydrogen welding and sodium-hydride descaling. 

Inert atmospheres generally are utilized to prevent 
oxidation of materials being treated. This particular 
property makes them useful also for preventing fires or 
explosions of inflammable materials. Highly reducing 
atmospheres are utilized where it is desired to actually 
reduce oxides or perform other chemical reactions. 
Instances will be shown where such uses of protective 
atmospheres contribute to obtaining equal, or better, 
quality of products than are obtained with other 
methods; afford greater safety; and reduce costs. 


PAINT AND VARNISH INDUSTRY 


Inert combusted gases, such as Item Elb in Table I, 
formed by complete combustion of fuel gas, are useful 
in the paint and varnish industry for a variety of pur- 
poses. For example, they are employed for prevention 
of scum and oxides in storage of paints and varnishes, 
to keep storage tanks and pipelines clean; for bubbling 
batches of synthetic resins, synthetic varnishes, and 
bodying oils during cooking; and for fire prevention 
and fire extinguishing. 


Preventing Oxides 


Paint in storage tanks with air atmosphere tends to 
form a skin on its surface which adheres to the walls of 


*The following will facilitate the location of material published 
in earlier parts of this serial: 


Part Issue Figs. Equations Tables Footnotes 
Part I Nov. 1948, p. 29 isto! 6 None I and II None 
Part II Dec. 1948, p. 41 7tol14 (1) to(18) III and IV (1) to (9) 
Part III Feb. 1949, p.37 15 to 23 None V and VI None 
Part IV Mar. 1949, p.25 24 to 35 None VII None 
Part V- Apr. 1949, p.25 36 to 41 None VIII to X_ (10) and (11) 
Part VI May 1949, p. 30 42 to 54 None XI and XII 12 
Part VII June 1949, p. 33 55 to 70 None XIII to XV (13) to (17) 
Part VIII July 1949, p. 32 71 to 89 None XVI (18 to (23) 
Part IX Aug. 1949, p.26 90 to 97 None None None 
Part X_ Sept. 1949, p.38 98to108 None XVII to XIX(24) and (25) 
Part XI_ Nov. 1949, p. 30 109to116 None None 26) to (29) 
Part XII Dec. 1949, p. 46 117 to 131 None None (30) to (33) 
Part XIII Feb. 1950, p. 43 132 to 149 None None (34) to (42) 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpIToR 
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the tanks and pipelines. This requires extra cleaning 
operations involving both time and expense. To pre- 
vent the oxidation, some companies have used carbon- 
dioxide gas purchased in cylinders, which has resulted 
in savings in time and money. To obtain still greater 
savings, however, further advantages have been gained 
in numerous instances by substituting inert combusted 
gas for CO,. The 4000-cfh atmosphere gas converter 
shown in Fic. 150, together with the storage tank 
shown in Fic. 102, Part X, is being used for the purpose 
of providing gas to prevent oxidization and also for 
bubbling batches of synthetic resins and varnishes 
during cooking. 

While a tank containing paint or varnish is emptied, 
the gas is forced in under pressure which, in turn, 
forces the paint out of the tank and pipelines. When 
the tank is refilled, the paint or varnish is pumped in 
against the inert gas. Thus, no air ever comes in contact 
with the inside of the tank or pipelines, and as a result | 
they stay clean. This factor eliminates considerable 
maintenance, which gives greater continuity of service 
and lower costs. 

Of equal importance are the savings resulting from 
the substitution of combusted gas for CO. The former 
cost of CO, purchased in cylinders, for the installation 
cited, totaled approximately $400 per month. Now that 
low-cost combusted gas is used, the consumption has 
been stepped up about 25 percent for additional opera- 
tions. Thus, the comparative value of the CO, should 
actually be based on about $500 per month, to which 


Fig. 150. Protective gas atmosphere from this inert-gas producer, rated 
4000 cfh, prevents oxidation in paint tanks and pipelines, and is bubbled 
through batches of synthetic resins and varnishes: during cooking. Advan- 
tages include greater continuity of service and lower cost. 
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hould be added a sizable item for the cost of labor for 
andling the cylinders. The cost of the combusted gas, 
n the other hand, is only about $120 per month. The 
avings on gas alone are thus over $380 per month, or 
$4560 per year. 


Bubbling Batches During Cooking 


_ In the condensation of synthetic resins and varnishes, 
materials are heated in kettles. During this cooking 
Operation, water is eliminated from the batches and 
the water vapor must also be removed from the kettles. 
This is aided by bubbling inert gas through the batches, 
which reduces the vapor pressure of the water and 
hastens its removal, as well as agitating the plastic 
being formed. 

Carbon dioxide has been found highly useful for this 
purpose; but, in many instances, marked savings have 
been made by substituting inert combusted gases be- 
cause of their lower cost. An installation of typical 
inert-gas-producing equipment used for this purpose is 
shown in Fics. 6, 88, and 93. The gas is compressed to 
about 70 lb pressure and held in a storage tank shown 
in Fic. 151. The atmosphere gas converter is equipped 
with a Bailey combustibles controller, which is set to 
hold the combustibles constant at about 0.2 percent. 
Such control is considered essential in this instance be- 
cause the fuel-gas analysis is not constant; it varies 
from propane to butane. 

With a gas consumption of 500 cfh, the user estimates 
that his former CO, cost at 13 cents per pound was $56 
for 7 hours operation per day. With the present atmos- 
phere gas converter, the combusted-gas cost is about 
$8.20 per day, including not only the cost items for 
making the gas, such as propane, water, power, and 
compressed air, but also indirect charges, including 5 
percent interest and 10 percent depreciation on the 
investment, insurance, building, allocation, etc. Actu- 
ally, these indirect charges are about 82 percent of the 
total cost. The savings, by converting from CO, to 
combusted gas, are therefore about $47.80 per day, or 
$12,680 per year. In this installation, the inert com- 
busted gas is used only during cooking of resins and 
bodying oils. The quality of the product is equal to 
that produced with COs, and is obtained at consider- 
ably lower cost. 


RUBBER-TIRE INDUSTRY 


' Inert combusted gases in rubber bags are used to 
advantage in some rubber-tire plants to expand the 
tires into the molds for curing. In batch curing, where 
about 10 or 12 molds of miscellaneous sizes are put 
into a large container, the bags were formerly filled with 
air, then with hot water. This resulted in a pocket of air 
at the top inside surface of the bags, which oxidized the 
rubber in the bags during the high-temperature steam 
treatment. Now, instead of using air,the bags are filled 
with inert combusted gas, such as Item E1b in Table I; 
then they are filled with water. The inert gas does not 
oxidize the bags, and their life has been considerably 
increased, resulting in substantial dollar savings. 
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Fig. 151. Storage tank for holding inert combusted gas from 500-cfh 
atmosphere gas converter, at about 70 lb pressure, for the bubbling opera- 
tions in manufacture of synthetic resins and varnishes 


Formerly, when air was being used, the life of the 
bags was 175 to 200 cures. Now, with the inert gas, 
their life is 350 to 400 cures, or approximately double. 
In one installation producing about 18,000 tires per day 
by the batch method, about 22,500 bags per year were 
used with the old method. Now this has been reduced to 
about 11,250 bags per year, representing a saving of 
about $84,500 per year. 

The batch method is limited to making tires of mis- 
cellaneous sizes; it does not apply to large-scale pro- 
duction of tires of uniform sizes which are made in 
individual molds having inlet and outlet for circula- 
tion of steam and water. In such equipment the pocket 
of air or steam does not form, and there is no advantage 
in using inert gas. However, the advantages of using the 
inert gas in the batch method are obvious, and might 
well be utilized in many other industries having similar 
oxidation problems. 


HANDLING DUSTS 

In the manufacture of drugs and related chemicals, 
hundreds of different roots, herbs, barks, seeds, seed 
pods, etc. are ground or pulverized to a fine powder. 
The powdered material can be used either directly or 
placed in extraction kilns to remove the extracts in 
liquid form. 

In the grinding process, the powder as it is formed is 
removed from the grinder by a circulating stream of air 
or gas. An inert gas, such as CO, or Ng, is desirable to 
prevent forming explosive mixtures with the fine 
powders and, sometimes, to help retard oxidation of the 
finely divided material. 

An ideal atmosphere for this application is combusted 
fuel gas (E1b in Table I), which is mostly Ne with about 
10 percent COs. A typical mill with recirculating system 
requires about 12,000 cfh to keep the system purged 
and supply normal leakage. 


SODIUM-HYDRIDE DESCALING PROCESS 

The sodium-hydride process for descaling metals “ 
is a relatively new industrial development with ad- 
vantages for alloy steels and particularly the stainless 
steels, through the use of sodium hydride in a fused 
caustic bath. Descaling is uniformly accomplished with- 


ay 


out hydrogen embrittlement or loss of base metal. The 
process generally takes less time than other pickling 
methods. Other benefits are simplicity of control by a 
rapid test for sodium hydride, improved metal surface, 
and the elimination of re-treats since one trip through 
the system removes all the scale. Hydrogen (Al in 
Table I), or more commonly dissociated ammonia 
(D1), which contains 75 percent hydrogen, contributes 
an important part toward the success of the operation. 

Metals successfully descaled by this method include 
austenitic stainless steels, straight chromium stainless 
steels, stainless clad steels, high-speed tool steels, silicon 
irons, high-carbon high-chromium steels, Stellite, cop- 
per, pure silver, pure nickel, and Inconel. A variety of 
forms of these materials are treated; for example, hot- 
and cold-rolled annealed sheet and plate, castings, forg- 
ings, stampings, fabricated parts, wire in coils, and bars. 
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Fig. 152. 


Sodium-hydride process for descaling utilizes a descaling tank, 
a quench tank, and a rinse with high-pressure water hose, to remove 
loosely adhering material and to wash off any remaining caustic soda. 
A short acid dip is sometimes used to brighten surfaces for subsequent 
drawing, rolling, and forming operations 


The equipment involved (Fic. 152) consists of a de- 
scaling tank held at about 700 F, a water-quench tank, 
and one or two acid-dip tanks, with suitable crane for 
handling the material from one tank to the other. 

The descaling tank contains 114 to 2 percent sodium 
hydride in caustic soda. The sodium hydride reduces 
the scale—essentially metallic oxides—to metal or 
lower metal oxides. A portion of this reduced material 
falls off while in the bath, the amount depending on 
the composition and physical characteristics of the 
original scale. After the work is removed from the 
hydride bath, a subsequent water quench removes a 
large part of the remaining reduced scale. Some articles 
quench exceptionally clean; others retain a film of re- 
duced material. There is no action on the base metal. A 
water wash and short acid dip produce a bright, clean 
finish. The time required to reduce scale varies from 
a few seconds to 20 min, depending upon the thickness 
and nature of the scale, and the condition under which 
it was originally formed. 

The proper concentration of sodium hydride in the 
caustic-soda bath is maintained by means of sodium- 
hydride generators located along side of the descaling 
tank at the top. The generator is simply a steel chamber 
with cover and with an open bottom beneath the sur- 
face of the bath. There is an opening in the cover for the 
periodic insertion of sodium in brick form, and a hydro- 
gen inlet pipe in the cover which extends below the sur- 
face of the bath. The sodium melts and floats on the sur- 
face of the caustic, and the bubbling hydrogen reacts 
with it to form sodium hydride, which diffuses from 
the bottom of the generator into the bath to react with 
the scale. For small installations, cylinder hydrogen is 
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practicable, but larger units require from 80 to 160 cu 
ft dissociated ammonia per ton of descaled metal. From 
6 to 12 lb of sodium per ton are also consumed. Causti 
soda is produced as a by-product of the descaling action 
and the amount formed usually compensates for the: 
amount lost by the drag-out. 


INERT-ARC WELDING 

Large quantities of helium and argon, both com-- 
pletely inert gases, are used in arc welding. This applica- 
tion consumes the major part of the helium which is re- » 
covered from natural gas by the helium plants of the 
Bureau of Mines in Texas. Formerly, the almost ex- 
clusive use of argon, extracted from the air, was in the 
filling of incandescent lamps. It is now employed in 
large quantities in inert-arc welding. 

Inert-arc welding“) has the outstanding feature of 
permitting fusion welding of almost any metal without 
using flux of any kind. In addition, it protects the molten 
metal from oxidation by the air, and it provides such a 
concentrated source of heat that welding can proceed. 
rapidly, with minimum heating and consequent dis- 
tortion of the work. 

The mechanism by which surface films are broken up, 
without corrosive fluxes, to permit mixing of molten 
metals, is not clearly understood. It appears to be closely 
related to the electrical characteristics, such as the 
ionization potential, of the shielding gas. Helium has 
characteristics which suit it particularly to direct-cur-— 
rent arcs, whereas argon can be successfully used with 
either direct-current arcs or alternating-current arcs 
fed from circuits of special characteristics. 


Apart from their electrical effects, the functions of the 
shielding gases are purely mechanical, because both 
helium and argon are chemically inert. The gas dis- | 
places air and carries away active gases evolved from 
the metal being welded. Although some work has been 
accomplished in enclosures filled with helium or argon, 
the almost universal practice is to carry on the welding 
in a stream of the inert gas issuing from an annular 


Fig. 153. Inert-arc welding of an aluminum pipeline for oil. Helium 


or argon, ejected from an annular nozzle surrounding the electrode, is 
used as protective atmosphere for such work 
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nozzle surrounding the electrode from which the welding 
arc is drawn. Fic. 153 shows a typical inert-arc-welding 
holder or torch. Through the handle are brought an 
electric cable to carry welding power to the electrode, 
cooling water hoses, and a hose for the inert gas. A 
firmly gripped tungsten electrode projects through the 
center of the nozzle at the bottom of the assembly, 
through which issues a gentle stream of inert gas. De- 
pending on the magnitude of the welding current and 
the nature of the joint being welded, gas flows range 
from 3 to 60 cfh. This is sufficient to cool the tungsten 
to prevent its dropping off, and to afford an envelope 
of gas around the arc and the molten pool of metal. 


Practically all metals used industrially can be welded 
by this process. These metals include: aluminum, cop- 
per, stainless steel, tungsten, silver, lead, magnesium, 
beryllium-copper, silicon bronze, and carbon steel. 


Aluminum welding without flux has been applied to 
such diverse items as pipe (Fic. 153), boats, super- 
structures on ships, tanks, machine bases, electric bus 
bars, and a variety of machines and appliances. Copper 
applications include tanks, bus bars, blast-furnace 
tuyeres, and motor rotors. Wide application has been 
made in the welding of stainless-steel heat exchangers, 
sinks and kitchen equipment, jet-engine parts, building 
trim, stills, dairy equipment, beer barrels, and storage 
tanks. 


ATOMIC-HYDROGEN WELDING 


Hydrogen gas has found wide use as an essential part 
of the mechanism of atomic-hydrogen arc welding, as 
well as a protective atmosphere for preventing the 
oxidation of arc welds during cooling. 

In the atomic-hydrogen process“), molecular hydro- 
gen is dissociated into the atomic state by the heat of an 
arc maintained between two tungsten electrodes (Fic. 
154). This dissociation absorbs a large quantity of heat 
which is liberated when the atomic hydrogen recombines 

into the molecular form. This heat is valuable for fusing 


Fig. 154. The atomic-hydrogen welding process utilizes either hydrogen 


or dissociated ammonia. Molecular hydrogen is dissociated in the arc, 
and the heat liberated upon recombination of hydrogen atoms is valuable 
for fusing the metal 
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metals and provides an extremely effective means of im- 
parting heat to a surface. Experiments show that the 
possible rate of heat input per unit area with the atomic- 
hydrogen arc is almost double the maximum rate 
achieved with the oxyacetylene flame. 


With the atomic-hydrogen process, a wide variety of 
metals can be welded without the use of flux. The ease 
with which the rate of heating can be controlled by 
positioning of the arc makes it valuable for the fabrica- 
tion of light-gage sections, and asa repair tool, partic- 
ularly in building up molds and dies. Because the 
majority of the heat evolved comes from the arc and 
not from the combustion of hydrogen, the hydrogen 
consumption is relatively low and the cost of operation 
is likewise low. 


Hydrogen, as a protective atmosphere, is a useful aid 
in both atomic-hydrogen and inert-arc welding. The 
usual practice is to introduce hydrogen into a space or 
groove in the metallic backing supporting the parts to 
be welded, where it is ignited and burns away at the 
ends of the groove. The hydrogen gas in the groove 
prevents oxidation of the underside of the weld as it 
progresses along the joint, often reducing oxides that 
may have been present on the metal. This practice re- 
sults in a uniform cooling rate of the weld, which 
minimizes the likelihood of porosity and inclusions in the 
weld. By preventing the rapid oxidation of the under- 
side of the molten pool of weld metal, it so increases the 
surface tension of the weld metal that a pool of con- 
siderable size can be carried in thin butt joints, and the 
contour of the reinforcement on the underside is ex- 
cellent. 

For joints which are not supported by metal backing 
strips, hydrogen gas may be employed simply as a jet 
directed on the underside of the metal directly beneath 
the welding arc. Because the combustion of the gas 
occurs only on the periphery of the gas-protected area, 
the air and the water vapor produced by the burning do 
not contact the weld metal until it has cooled sufficiently 
to prevent rapid oxidation. 

Where hydrogen flow rates would be in excess of 50 
to 60 cfh, it is often economical to use dissociated am- 
monia (D1 in Table I), which is 75 percent Hy and 25 
percent N». More dissociated-ammonia gas is required 
than when hydrogen is used, but the saving in the cost 
of the gas and in the cost of transporting cylinders far 
outweighs this factor. Dissociated ammonia is widely 
used in the atomic-hydrogen welding of both carbon 
steels and austenitic stainless steels. 
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HIGH LIGHTS ano SIDE LIGHTS 


More Power to America Special 


The ‘‘More Power to America Special,” 
first train of its kind in industrial history, 
and a symbol of the contributions that the 
electrical industry is making to the progress 
of industrial America, will be launched on 
a nationwide tour this spring by General 
Electric’s Apparatus Department. 


Exhibits of more than 2000 electrical 
products, processes, and techniques, rang- 
ing from precise aircraft instruments to 
complex working models of steel-mill, tex- 
tile, and other industrial equipment, will 
be displayed on the train. The train will 
visit the country’s key industrial centers 
for inspection by utility and industrial 
executives and municipal leaders. Since 
it is an industrial development enterprise, 
the train will not be open to the general 
public. 


Years in the planning, this project with 
its extensive series of related exhibits, 
filling nine cars of the train, will represent 
the best combined thinking of the Depart- 
ment’s research, engineering, manufac- 
turing, and sales personnel. 


The displays will portray the latest ad- 
vances in power generation and methods 
and equipment for the profitable use of 
electricity throughout all industry. They 
have been designed especially for those 
who produce electric power and those who 
put it to work in industry and the com- 
munity. 

Included will be turbine exhibits of all 
types—steam, gas, and mercury; equip- 
ment for transmitting and distributing 
electric power; and motors and controls 
engineered into combinations that can 
perform a wide variety of industrial oper- 
ations. 

Other displays will include: precise 
measuring and recording instruments; 
new developments for community im- 
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provement, such as street-lighting and 
sewage-treatment equipment; and prod- 
ucts which contribute to national security. 

The train will be hauled by an Alco- 
G-E two-unit 4000-hp diesel-electric loco- 
motive which itself will be part of the 
unusual series of displays. 


A scale model of one of the 
exhibit cars being inspected by 
(left to right): C. H. Lang, 
vice president in charge of 
sales, Apparatus Department; 
C. P. Fisher, Jr., manager of 
the Apparatus Exhibit Train 
Division; and J. S. Smith, 
manager of the Apparatus 
Department’s Advertising and 
Sales Promotion Divisions 


Quality Control Indicator 


A new device recently demonstrated 
publicly for the first time promises to be 
instrumental in assuring the highest pos- 
sible quality of most mass-produced items, 
and at the same time reduce manufactur- 
ing costs. Called a ‘“‘quality control indi- 
cator,”’ it is an electric computer which 
keeps an automatic, continuous check on 
reject rates in manufacturing operations 
and makes possible the location and remedy 
of abnormal production difficulties as 
soon as they occur. 

Statistical analysis of production and re- 
jection rates in the past has been made by 
time-consuming computations, lagging be- 
hind production by hours or days and 
making it possible for an abnormally high 
rejection rate to go undetected. Although 
eventually caught, these defective parts in 
the meantime have created manufacturing 
losses and slowed production. 

The new instrument eliminates this lag. 
Essentially an electric calculating machine, 
it counts the number of items produced 
and the number rejected, and indicates on 
a meter whether the percentage of rejec- 
tions is above or below an acceptable level 
at any given instant. 

In practice, the indicator uses various 
signalling devices, such as an “electric 
eye” or a switch tripped by passing ob- 
jects, to count the number of articles pro- 
duced. Every time an inspector rejects a 
unit he pushes a button, causing a change 
of reading on the indicating meter. When 
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the reject level at an inspection station ex-_ 
ceeds a predetermined rate, the needle on 
the meter moves from the green half of the 
scale to the red half, indicating to super-_ 

visors that corrective action is needed. ; 


Basic equipment consists of two units: a 
“‘totalizer,’’ which indicates the number of | 
units inspected, and a “characteristic 
analyzer,’ which counts the rejects for a 
given characteristic checked by inspectors. 
The ‘“‘quality”’ meter, showing whether re- 
jections are above or below a predeter- 
mined level, is mounted on the front panel 
of the characteristic analyzer; mounted 
near by is the selector switch on which the 
acceptable reject rate may be set. Reject 
levels ranging from zero to 10 percent can — 
be monitored, the level to be used deter- 
mined by previous production experience. 


The use of the quality control indicator 
has been found to give a firm hold on 
quality, high efficiency in controlling new 
troubles, and reduced manufacturing 
losses. It can be used on any production 
line where continuous inspection and test- 
ing are required, whether by automatic or 
manual methods. No additional produc- 
tion or supervisory personnel are needed to 
operate the equipment. 


In general, it is necessary to use only 
one totalizer for each production line, and 
a characteristic analyzer for each character- 
istic being checked. The indicating equip- 
ment can be set up in the offices of super- 
visory personnel. At the end of a production 
of 2000 units, the device can be reset. 


Electronic Torch 


A torch, so hot it can melt firebrick and tungsten, 
is here shown melting a quartz rod. An arc of 
radio waves at the frequency of one billion cycles 
per second breaks up nitrogen molecules; re- 
uniting of the atoms releases heat at atemperature 
not yet determined 
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reached a new milestone—the Mercury Unit 
ercury vapor cycle at Schiller Station of the 

of New Hampshire — first of its kind ever built. In 
apor requirements for this unique plant, its designers — 


mpany — called on B&W facilities and “know-how” 
essary boiler units including B&W pulverizers and 
ment. 


-Co 


d to have had a part in bringing this newest concept of 
ent power generation to a successful realization. 


ion with pioneer advancement in the power industry is an 80-year-old 
ith B&W. On boiler problems of any kind, you can depend on 


Y for service satisfaction at its best through research, engineering, 
brication, and installation and maintenance. 


BABCOCK 
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nEeW PRODUCTS: 


Metallized Coil Forms 


Resistors 


Resistors 


To supplement the line of Little Devil 
resistors, there is now available an industrial 
-assortment for use by engineers and 
laboratory technicians. Eight different 
assortments in quantities varying from 510 
to 2025 resistors are produced in various 
wattages and tolerances. Resistance values 
in each assortment cover the complete 
RMA range in either +5 or +10 percent 
tolerance. The selections are factory packed 
in handy plastic cabinets which provide a 
neat method of storing the resistors.— 
Ohmite Manufacturing Co., 4810 Flournoy 
St., Chicago 44, Il. 


Drying Machine 

A high-output x-ray film-drying machine, 
known as the Circlair Drier, dries from 40 
to 200 percent more films per day than pre- 
vious types. The single dryer will completely 
dry 150 films a day at 86 percent humidity 
or 180 at 38 percent. This includes the time 
of one minute per film for loading and un- 
loading. The double unit’s output ranges 
from 270 films a day to 300. Each unit has 
both a front and back door; thus at any 
time it can be used for an in-the-wall instal- 
lation. The stainless-steel film-carriage 
assembly can be drawn out either door to 
its full extent.—General Electric X-ray Corp., 
4855 Electric Ave., Milwaukee 14, Wis. 
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Metering Pump 


A new electronically controlled metering 
pump allowing remote control of accurate 
metering at low cost. It is operated by an 
electronically controlled solenoid providing 
accurate, variable control of the number of 
strokes per unit time. Additional adjust- 
ment is available to a maximum output of 
0.8 cu in. per stroke. Precision construction, 
of Type 316 stainless steel, plus direct 
coupling between solenoid plunger and 
piston results in a highly efficient and com- 
pact unit with low power requirements. 
Working parts of the pump are self- 
lubricated.—Eastern Industries, Inc., 296 
Elm St., New Haven 6, Conn. 


Metallized Coil Forms 


Greater inductive stability with unusually 
high quality is obtained from new metallized 
coil forms. A spiral metal coating is fired 
on the ceramic, assuring intimate contact. 
The thin metal layer follows elastically the 
dimensional thermal changes of the ceramic 
which are far lower than those of any of the 
commonly used metal wires. Inductances of 
this type are therefore suited for precision 
tuning circuits. Metallized sections suitable 
for soldering direct to chassis can be made 
a part of the design; multiple threading is 
readily furnished. Handmade test samples 
can’ be made to individual specifications. 
—American Lava Corp., Chattanooga 5, 
Tennessee. 


Sensing Elements 


A new line of improved Type M thermal 
conductivity units for low-cost gas analysis. 
Type M/K sensing element for continuous- 
service systems gives a signal comparable 
to that originating with thermocouples. 
With slight changes and recalibration, it 
can be used in a pyrometer circuit. Type 
M/K-SS has the same electrical and physi- 
cal characteristics but is made of stainless 
steel, for containing more corrosive gases. 


The unit illustrated, Type M/K-8, is an 
8-filament bridge with doubled output. In 
gas-air tests, this unit has an output of 1.70 
millivolts for 1 percent CO, in air and 11.8 
millivolts for 1 percent Hy, in air. The com- 
panion unit, Type M/T-8 has an output of 
about five times that of M/K-8.—Gow- 
Mac Instrument Co., 22 Lawrence St., 
Newark 5, N. J. 


Television Rotator 


Ability to take an unusual amount of 
wind stress and to carry TV and amateur 
antenna arrays without overloading the 
motor are among the features of a new 
rotator known as the Tele-rotor. Tests indi- 
cate that the device will take load stress 
up to 3800 lb—the equivalent of winds of 
gale strength. Not only can more units be 
built onto the antenna without overloading 
the motor, but the motor is weather-sealed 
and lubricated for life. It is instantly re- 
versible, and is operated by directional push 
buttons. The heavily reinforced die-cast 
housing is designed for mast or platform 
mounting and is equipped with three heavy- 
duty guy-wire lugs.—Cornell-Dubilier Elec- 
tric Corp., South Plainfield, New Jersey. 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


Die-casting Machine 


A new zinc die casting device designed 
to eliminate as far as possible the human. 
element in setting up and adjusting the: 
machine. The gooseneck locates itself in two) 
machined slots in the yoke; misalignment is | 
impossible. Fixed to the gooseneck is a split 
bronze bushing which guides the plunger 
stem. The head of the plunger is held by a 
T-slot coupling attached to the plunger 
cylinder, making it self-aligning. The only 
adjustment is with two dog-point screws 
against the bracket, seating the gooseneck 
firmly against the nozzle. The pot can be 
made any size desired, since it is entirely 
separate from the structure of the machine 
itself—Lester-Phoenix, Inc., 2711 Church 
Ave., Cleveland, Ohio. 


Sensing Element 


Television Rotator 
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Up to 6 Levels —10-point plus home; 
yet it’s Smaller Than Your Hand! Only 
41% inches long —and about half that wide 
— Automatic Electric’s new stepping switch 
averages only 1314 ounces in weight. Yet it 
gives you more than other larger switches. 

It’s speedy ...a typical three-level 10-point 
switch, at 48 volts D. C., self-interrupted, 
runs approximately 80 steps a second— 
impulse controlled, at 35 steps a second. 

It’s smoother .. . brush springs are in an 
“11th” position; wipers pass over them 
exactly as over bank contacts. No double 
load in any position—no “galloping.” 

It assures long life . . . smooth operation 
means longer life; in addition, all driving 
parts are especially armored against wear. 
In rigid laboratory tests, Type 44 Stepping 
Switches averaged 20,000,000 operating 
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PPING SWITCH 


cycles (200 million steps!) and then re- 
quired only minor readjustment. 

It’s adaptable... meets your specific needs 
with a wide range of coils (for any D. C. 
voltage up to 110), bank levels, bridging 
and non-bridging wipers, interrupter 
springs and off-normal springs. 

The Type 44 Stepping Switch has Jess 
weight—takes Jess space—and gives you 
more of everything else! Get complete 
data NOW on this revolutionary new 
switch. Call, wire, or write AUTOMATIC 
ELECTRIC SALES CORPORATION, 
1033 W. Van Buren St., Chicago 7, Ill. 
In Canada: Automatic Electric (Canada) 
Limited, Toronto. 


RELAYS SWITCHES 


AUTOMATIC S ELECTRIC 


CHICAGO 


43 


Drilling Machine 


The E-25 is a medium-weight machine 
having a 25-in. swing. Among the design 
features are a variable-speed drive from 
which the exact spindle speed can be 
obtained for any size drill from 1% in. to 
1 in. and an extra-large rectangular 18 in. 
by 26 in. table with coolant trough. The 
machine is suited for high-speed production 
or small shop work, being powered by a 114- 
hp motor. Rated capacity of the machine 
is 34 in. in steel and 1 in. in cast iron. A 
speed chart on the side of the machine 
shows proper speeds for different drill 
sizes.— Sibley Machine & Foundry Corp., 
South Bend, Ind. 


Iu Canada... 


Eleven factories manufacture 
General Electric products. 31 
engineering and sales offices 
and 26 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


LIMITED 


Head Office - Toronto—Sales Offices from Coast-to-Coast 
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One of two 66,000, 215,000 grd Y—60,000 grd Y—12,000 volt, 60 cycle 
power transformers built by Canadian General Electric for the Horne 
Payne substation of B. C. Electric Railway Company. 


Knife Thread 


A new form of thread, named the Rosan 
knife thread, for use in wood, plywood, etc. 
It differs from other screw of threads in that 
the cross section resembles that of a knife. 
The edge of this thread slices into the 
fibers of the wood instead of the usual type 
that wedges and crushes itself into the 
wood. Thus, the wood maintains its original 
maximum stress value permitting the assem- 
bly to have the most possible strength of the 
materials involved.—Rosan Inc., 5224 South- 
ern Ave., South Gate, Calif. 


Connector Tool 


The new C22 pres-SURE-tool for solder- 
less electrical connections covers a broad 
range of wire splices and terminations. It is 
capable of splicing all wire combinations 
from two No. 18 to three No. 8 and ter- 


minating all wire sizes from No. 16 to No. 8. 
The tool combines the positive 4-way 
crimping action which is equally effective 
on solid, stranded, or combinations of solid 
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WEST VIRGINIA PULP & PAPER COMPANY 


230 Park Avenue, New York, N.Y. 


and stranded wires. It is easily oper 

with one hand. Handles are protected w 
vinyl tubing.—Buchanan Electrical Prod: 
Corp., 1290 Central Ave., Hillside, N. J. 


Tiering Truck 


A new light, maneuverable, and uncon- 
ventional electric tiering truck, called the 
SpaceMaker, for narrow aisles and areas. 
It will not only increase usable floor and 
air space by narrowing of aisles but will 
make possible the tiering of skid and pallet 
loads in areas where it has been considered 
impractical. This truck will tier at right 
angles from a 6-ft aisle in areas that have 
previously required 10- to 12-ft aisles. The 
three different types in which it is furnished 
are: Platform, for tiering skids; fork, fer 
tiering single-face pallets; and straddle, for 
tiering two-faced pallets —L YON-Raymond 
Corp., 15166 Madison St., Greene, N. Y. 


es, 


Pulp Products Department 


35 E. Wacker Drive, Chicago, Ill. 
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TRADE LITERATURE 


OMBUSTION SAFEGUARD—An explanatory 
ulletin on the 1300 Series Flame-otrol com- 
ustion safeguard for oil- and gas-fired fur- 
aces, ovens, boilers, kilns, and other heat- 
g equipment. The many economy and 
afety features are described and illustrated; 
. typical application diagram is included. 
our pages. Bulletin F2-1.—Wheelco Instru- 
nents Company, Chicago 7, Ill. 


SROUND-FAULT NEUTRALIZERS—Design 
eatures both of the exterior and interior, 
yenefits derived, types of neutralizers, and 
veights and dimensions are extensively 
overed. In addition, there is a detailed 
explanation of how the neutralizer quenches 
1 fault. Charts, diagrams, and installation 
yhotographs supplement the descriptive 
ext, Sixteen pages. GEC-586.—General 
hile Co., Apparatus Dept., Schenectady 5, 
WY. 


INSULATION TEsTERS—Rectifier and dual- 
yperated models of the Meg type of Megger 
nsulation testers are presented. Applica- 
ions, features, principle of operation, and 
ther pertinent information is given. Eight 
pages. Bulletin 21-46-16.—James G. Biddle 
Co., 1816 Arch St., Philadelphia 7, Pa. 


VIAGNETIC STORAGE SySTEMS—A brochure 
lescribing the fundamentals, history, and 
ipplications of magnetic data storage sys- 
ems utilizing rotating magnetic drums. 
tight pages. Titled ‘‘Magnetic Storage 
Systems.’’—Engineering Research Associates, 
—Inc., 1902 West Minnehaha Ave., St. Paul 4, 
Minn. 


NEW 


MAGNETIC AMPLIFIER 
by 


EDUCATIONAL 


UCKERS Inc. 


PUNCHING AND NotcHinc—Mainly pic- 
torial in its presentation, this folder shows 
the method of perforating and notching for 
fast, efficient fabrication of limited quanti- 
ties of television, radar, and radio chassis. 
Procedures for a typical chassis are illus- 
trated. Four pages. Bulletin 7.—Wales- 
Strippit Corp., North Tonawanda, N. Y. 


TEMPERATURE CHART—A plastic-laminated 
wall chart showing the working character- 
istic of steels at temperatures from —300 F 
to 2900 F. Temperature zones including 
hot-working, annealing, normalizing, car- 
burizing, etc., are clearly defined, being 
shown in 19 colors approximating the 
characteristic hot-body radiant hues. In 
addition, several fundamental metallurgical 
terms are defined. Chart will be sent without 
charge to industrial executives who request 
it on company stationery, stating their 
position. Fourth printing —Tempil Corb., 
132 West 22 St., New Vork 11, N. Y. 


WooLeN INDUstRY—A compilation of rec- 
ommendations for research, designed to 
meet existing technical and production 
problems encountered in the woolen and 
worsted industry. Specific problems have 
been analyzed under several general sub- 
jects, some of which include: mill process- 
ing, laboratory tests and standards, funda- 
mental research, and production and 
marketing. Sixteen pages. Titled ‘Suggested 
Research and Development Studies for the 
Woolen and Worsted Industry.”—The Wool 
Bureau, Inc., 16 West 46th St., New Vork 19, 
IN AZ 


FOR RECORDING 


% TELEMETERING SIGNALS 


N) (up to 40 ke.) 


Almost overnight Ampex Magnetic 
Tape Recorders revolutionized 
radio network broadcasting. Ampex 
succeeded in this most critical serv- 
ice because of simple and depend- 
able operation, plus a tone quality 


that is unequalled. Ampex is now 
available in several models for a 
wide range of requirements. In- 
quiries for special instrumentation 
and industrial control application 
promptly answered. 


p SCIEN 
ant AN Ce 
ys Standard units 
ave dual- 
speed recording: 
72-15 or 15- 
30i.p.s. 


, 
2, \MPEX 
ah 


eZ 
MAGNETIC TAPE RECORDER 


9 
=i 
“STANDARD OF THE GREAT RADIO SHOWS” 


Get FREE BOOKLET today! 
AMPEX ELECTRIC CORP., San Carlos, California 


Without obligation please send 16-page illustrated 
booklet containing technical specifications of Ampex 
Magnetic Tape Recorders. 


e MODEL 300-C $1575 

e VU METER PANEL 
(EXTRA) $105 
(F.0.B, San Carlos) 


NAME 
ADDRESS. 


Ch), a a es} | ee 
Our need is for: 

(J Laboratory Research 

(] Multi-Channel Recording 
(] Recording-Broadcasting 


Distributed by... 


BING CROSBY ENTERPRISES (Hollywood) 
AUDIO & VIDEO PRODUCTS CORP. (New York City) 


Telemetering 
Industrial Recording 

Aerophysical Research 
Private Home Use 


OO 


GRAYBAR ELECTRIC COMPANY (Everywhere) 
EXPORT: WESTREX (New York City) 


—that a PILOT LIGHT 


CAN IMPROVE YOUR PRODUCT 


. . .add attraction—safety—service ? 


~ for School and Industrial Laboratories 


@ A unit designed by Vickers Electric Division to help 
students and industrial personnel obtain a wider know- 
ledge of the characteristics and applications of high-per- 
formance self-saturating magnetic amplifiers. 

@ All three basic single-phase self-saturating circuits may 
be studied, and the educational unit can actually be used 
in operating controls circuits. Gives d-c or a-c output, uses 


d-¢ or a-c control power. 


@ Magnetic Amplifier Laboratory Manuals and Magnetic 
Amplifier Design Bulletins included with each educa- 


tional unit. 
the, 
S 2 
Write for information and price. 73 0 id 
“ish 


VICKERS ELECTRIC DIVISION 


Vv 1CKERS Me. 
1807 LOCUST STREET + 
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ST. LOUIS 3, MISSOURI 
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— what lamp to use 
— how to use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 


Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed 

Catalogue Number 521308 — 997 

for 110 or 220 volts. 

SAMPLES 
for design purpose 
NO CHARGE 


@ Rugged 


Wi Write for the 
N E » "HANDBOOK OF PILOT LIGHTS,” 


Write us on your design problems. 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 
of AMERICA 
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ASSOCIATED 
ELECTRICAL 


INDUSTRIES 
e LIMITED e 


British Thomson-Houston Co., Ltd. 
Edison Swan Electric Co., Ltd. 


(Incorporating Harcourts Limited) 


Ferguson Pailin Limited 


Hotpoint Electric Appliance Co., Ltd. 


(Incorporating International Refrigerator Co., Ltd. 
and Premier Electric Heaters’ Ltd.) 


Metropolitan-Vickers 
Electrical Co., Ltd. 
Metropolitan-Vickers-GRS. Ltd. 


Newton Victor Ltd. 


Agents and Licensees of the 
GENERAL ELECTRIC Co., U.S.A. 
for the United Kingdom. 


(OF IRON & STEEL SCRAP 


LURIA BROTHERS 


FOR THE PURCHASE OR SALE 


& COMPANY, INC 


| Have been Serving Industry 


SINCE 1889 


LEBANON, PA. 
READING, PA, 
DETROIT (ECORSE) 
MICH.* MODENA, P. 
PITTSBURGH, PA. 


LINCOLN-LIBERTY F==wL= 
BLDG. z 


Philadelphia 7, 
Pennsylvania 
Branch Offices 
BIRMINGHAM, ALA. CLEVELAND, O. NEW YORK, N.Y. 
Empire Bldg. 1022 Midland Bldg. Woolworth Bldg. 


BOSTON, MASS. DETROIT, MICH, TTSBURGH, PA 
Statler Bldg. 2011 Book Bldg.) hanes Bldg. 


BUFFALO, N.Y. HOUSTON, TEXAS PUEBLO, COLO. 
Genesee Bldg, Cotton Exchange Colorado Bldg. » 


CHICAGO, ILL. LEBANON, PA. READING, PA, 
100 W. Monroe St. Luria Bidg. Luria Bldg. 


ST, LOUIS, MO. SAN FRANCISCO, CAL. 


» 2110 Railway Exchange Bldg. Pacific Gas & Elec. Co., Bldg. 
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none sent on approval.) 


IRECT-CURRENT ARMATURE WINDINGS— 
eory and Practice 


harles S. Siskind—McGraw-Hill Book Coy 
c., New York. 1949. ix+149 pp. $3.00. 


The book represents the author’s attempt 

) simplify the basic principles involved in 
indings for direct-current armatures. The 
ext is so written that it is readily readable 
nd understandable by students at the 
ocational-school level. This has been ac- 
omplished through skillful use of charts to 
evelop concepts of the basic elements of 
1€ more common types of armature wind- 
igs and their interconnection. The purpose 
nd proper use of equalizer connections for 
ip-wound armatures is developed on the 
ume basis. Q 

The chapter on Winding Troubles should 
rove particularly valuable for those en- 
aged in the manufacture of direct-current 
lachines as well as for those engaged in 
eld service. Here the author has summar- 
ed in chart form the more frequent causes 
f trouble, their symptoms, and remedies. 
est procedures using commonly available 
Juipment are also described. 

The relation of the armature-winding de- 
gn to machine performance is given in a 
mplified manner, yet in sufficient detail to 
e of interest as an introduction to the 
ibject. 

The book should serve well as a readily 
nderstandable text for vocational schools 
nd as an introductory material for a 
esign course. 

B. H. CALDWELL 


(LASTOMERS AND PLASTOMERS: I]—Manu- 
icture, Properties, and Applications 


. Houwink, Editor—Elsevier Publishing 
o., Inc., New York. 1949. 515 pp. $7.00. 


The present volume in this series treats 
1e technology of the commercially im- 
ortant synthetic resins and natural poly- 
eric products. It provides a rather de- 
uled survey of the raw materials, processes 
nd methods used in the manufacture and 
pplication of these materials, together with 
ata on the more significant properties of 
oth the intermediate and the end products. 
‘he field is quite completely covered, and 
nly the newest class of materials, the 
uorocarbon polymers, is missing. Theory 
; not emphasized, but a sufficient amount 
included to allow an understanding of the 
eactions involved in the formation and 
ibsequent utilization of the materials. 

Each of the thirteen chapters has been 
ritten by one or more investigators who 
ave worked extensively in the particular 
ranch they cover; as a result the treatment 
, authorative and critical. Of the nineteen 
uthors, thirteen are Europeans (British, 
Mutch, and Swiss) and six are Americans. 

The first chapter bears evidence of rather 
oor translation. For example, on p. 10 the 
sactive positions of cresol are spoken of as 
spots,” furfural is called ‘‘furfurol” 
1roughout, and on p. 33 what apparently 
ust be frequency is designated as ‘‘Hz” 
tTertz?). However, the surprising state- 
lent on p. 14 that the heat of activation 

“the heat that has to be removed from 
ie reaction’’ can hardly be attributed to 
aproper translation. 

he inclusion of an introductory chapter, 
ith definitions of the terms used in the 
xt without explanation, would have made 
1¢ book more useful to those seeking a 
‘st-hand knowledge of the field of plastics. 
s it stands, the volume is to be recom- 
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mended primarily as a reference book for 
those associated with this field. As such, 
the bibliography of articles and patents at 
the end of each chapter is a commendable 
asset. 


B. W. NORDLANDER 


MAGNETIC RECORDING 


S. J. Begun—Murray Hill Books, Inc., New 
York. 1949. x + 242 pp. $5.00. 

The author has here presented an excel- 
lent summary of the broad field of magnetic 
recording as it exists today. The book is of 
use not only to the amateur interested in 
sound reproduction, but also to the applica- 
tion and design engineer interested in 
quickly reviewing the status of the art to 
determine whether these basic principles are 
of use for his problem at hand. 

Portions of this book are devoted to the 
history, acoustic factors, equipment, ap- 
plications, and the magnetic phonograph; 
and these portions are so written that little 
technical background is necessary to attain 
the full value from the text. The other por- 
tions of the book present in an easily under- 
standable manner the basic principles and 
underlying fundamentals applicable to this 
art. The technical descriptions are sup- 


. plemented by numerous, well-defined dia- 


grams. The bibliography at the end of each 
chapter is complete and will serve well the 
ate interested in further technical de- 
tails. 

Photographs and short descriptions, in- 
cluding frequency range, etc., of most of the 
complete equipments available today, are 
included. 

Magnetic recording is rapidly spreading 
from the sound-reproduction field, to be an 
industrial and engineering tool; and this 
book will serve as an excellent guide to those 
interested in the new applications. 

K. R. GEISER 


ANALYTIC GEOMETRY AND CaLcuLus: A 
UNIFIED TREATMENT 


Frederic H. Miller—John Wiley & Sons, 
Inc., New York. 1949. xii + 658 pp. $5.00. 


Because geometry is the most natural 
medium in which to present and develop 
the concepts of differential and integral cal- 
culus, and also because calculus is applied 
principally to geometrical problems, there 
is an alliance between the subjects of ele- 
mentary calculus and analytic geometry 
that is both close and natural. 

This fact has been recognized for some 
years by mathematics teachers in many 
colleges where the two subjects are presented 
together in one course. As a text for such a 
course teachers will find Frederic H. 
Miller’s new book a valuable addition to the 
existing collection of similar books. 

Any student, seeking either a compre- 
hensive presentation of the essential con- 
cepts of elementary calculus and analytic 
geometry or a reasonably detailed, lucid 
treatment of some particular topic in either 
subject, should find the book helpful. 

Although the entire book is well organized 
and carefully presented, the following sub- 
jects seem to be particularly well handled: 
maxima and minima, conic sections, quad- 
ric surfaces, space curves, polar co-ordinates, 
and power series. 

The short summary appearing at the end 
of each chapter is very helpful to anyone 
using the book either for reference or for 


comprehensive study. 
A. W. SCHNACKE 
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Tempilstiks 


A simple 
method of 
determining 
safe operating 
temperatures 
for: 

¢ BUS BARS 
© POWER TUBES 


e TRANSFORMERS 
and other electrical 


equipment. 

also in: Also 
MOLDING available 
CASTING in pellet. 
FORGING and 


DRAWING 
HEAT TREATING fo" 
WELDING 
FLAME-CUTTING, etc. 


It's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 


x gives up 
the Tempilstik mark melts, to 2000 
the specified temperature has readings 


been reached. 


Available in these temperatures (~F} 


— While we cannot supply. 
free Tempilstiks®, we will 


FRE: 


be glad to send you sample Pellets or 
sample Tempilaq”® (liquid form) for trial 
under your actual working conditions. 
Be sure to state the temperature of 
interest to you. 


=O 
Tempil’ corp. 
134 WEST 22nd STREET 
New York 11, N. Y. 
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° 
Here's a line of capacitors specifically developed for 
operation at high ambient temperatures. These G-E 
units require no derating at temperatures up to 
100°C; can be used, up to 125°C. Similar in con- 
struction to other General Electric d-c paper- 
dielectric capacitors, these Permafil units are 
treated with a compound which retains its elec- 
trical stability at high operating temperatures. 
Permafil capacitors, now part of G-E’s standard 
line, are available in case styles 61, 63, 65 and 70, 
as covered by specifications JAN-C-25, in ratings 


of .10 to 10.0 muf; and 600-, 1000- and 1500-volts. 
All have metallic containers which are sealed with 
G-E’s new long-life all-silicone bushings. 

When continual operation at ambient tempera- 
tures above 85°C is indicated, consider the special 
characteristics of these G-E capacitors. Their 
‘‘custom-made’’ qualities may go hand-in-glove 
with your product designs. 

For further information, on these or on ca- 
pacitors for other applications, write Capacitor 
Sales Div., General Electric Co., Pittsfield, Mass. 


Apparatus Department, General Electric Company, Schenectady 5, N. Y. 
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Industrial control 
Radio filters 


Bdor equipment 


Electronic equipment ands bona 


FOR Ce ni tion Dust precipitators 
Motors systems Radio interference 
Luminous-tube i 
icnetorenare Capacitor discharge wage eee 


weldin 
Fluorescent lamp : 


ballasts 
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Flash photography 


Stroboscopic 


Impulse generators 


AND MANY OTHER APPLICATIONS 
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design for switchboard "READABILITY 


LEAD 3 


04 


9 VAG 


-0 


POWER FACTOR 


instruments 


Readability and modern appearance can be built into your switchboards— 
if you specify G-E long-scale instruments. These instruments are compact 
—five can be mounted side-by-side on a 25-inch panel. Yet they are more 
readable than many larger instruments, because the scale covers more of 
the dial. (An instrument only 4 1/4 inches square has a scale 7.1 inches 
long). 

Better readability doesn’t end with the long scale. Nonglare glass and an 
anti-parallax arrangement help make readings fast and accurate. Dustproof 
cases keep instruments clean. 

For instruments that are easy on the eyes—switchboards that are modern 


—specify G-E long scale. 


Type CD recorders are also designed for 
switchboard use. Available in ink or inkless 
types. Chart carriages tilt forward for ready ac- 
cess. CD recorders can be mounted close to- 
gether for space economy and better appear- 
ance. Ask your G-E representative for full 
details. Apparatus Department, General Electric Co., 


ay: Schenectady, N. Y. 
_ MRSPEMER aiconcy 
\. a 0) Bary 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


AIR CONDITIONING 


Humipity APPARATUS FOR SMALL TEST 
Rooms, by Theodore C. Scheffer and Oscar 
W. Torgeson. Refrig. Engng., Oct. 1949; v. 
57, pp. 969-970. 
Wood-element hygrostat for use in an 
experimental lumber dry kiln for acceler- 
ated testing of the resistance of wood to 
fungus decay. 


REMOVAL OF INTERNAL RADIATION BY 
CooLInG PANELS, by Merl Baker. Heat. 
Piping & Air Cond., Nov. 1949; v. 21, pp. 
105-110. 
How internal radiation emitted from 
electric lighting filaments can be effi- 
ciently removed from a conditioned space 
by cooling panels. 


DIELECTRIC STRENGTH 

ELECTRIC BREAKDOWN IN IONIC CRYSTALS, 
by Herbert B. Callen. Phys. Rev., Nov. 1, 
1949; v. 76, pp. 1894-1402. 


The electronic breakdown strength of 
ionic crystals at low and moderate tem- 
peratures is calculated on the basis of 
von Hippel’s low energy criterion. 


IMPULSE BREAKDOWN IN THE 107°-SEC. 
RANGE OF AIR AT ATMOSPHERIC PRESSURE, 
by R. C. Fletcher. Phys. Rev., Nov. 15, 
1949; v. 76, pp. 1501-1511. 


Description of experimental methods and 
results. 


Miniature Ball Bearings 


MPB miniature ball bearings (1/8’-5/16’ 0.d., bores 
from .040” to 7/32”) are manufactured to the highest 
ptecision tolerances in a completely air-conditioned plant. 


ready for installation. 


Complete and competent engineering assistance for 
your applications is promptly available, through 18 
convenient offices with bearing stocks in East, West and 


Mid-Continent cities. 


You'll find our catalog complete and convenient: 


Standard extra operations 
assure you of finest quality 
components for your instruments. 
(MPB bearings for example are 
burnished, not merely ground, on 
all functional surfaces). 

: MPB bearings are made by 
the experienced originators of miniature ball bearings, 
and are supplied in factory sealed vials, lubricated and 


ELECTRIC LIGHTING 


Economic Stupigs Favor Use or ELEc- 
TRONIC CONTROL FOR STREET LIGHTING, 
by Frank H. Linsley. Elec. Wid., Nov. 5, 
1949; v. 132, pp. 68-70, 135. 


Service experience with 200 individually 
controlled street lights equipped with 
photoelectric electronic controls. 


EstIMATING Heat GAIN FROM LIGHTs, by 
J. R. Jones and W. B. Foxhall. Heat. & 
Vent., Nov. 1949; v. 46, pp. 65-68. 


An attempt is made to evaluate the 
factors involved in estimating heat gain 
from lights where actual lighting data 
are not available. 


METAL REFLECTOR COATINGS FOR FILA- 
MENT Lamps, by D. E. Elmendorf and Kirk 
M. Reid. I/lum. Engng., Nov. 1949; v. 44, 
pp. 677-680. 


Detailed data are presented comparing 
inside coatings of vaporized silver and 
aluminum, either of which can be used 
in blown-bulb lamps. 


LUBRICATION AND LUBRICANTS 


METHOD FOR TESTING HIGH-TEMPERATURE 
PERFORMANCE OF GREASES. Lubrication, 
Dec. 1949; v. 35, pp. 133-144. 


The objective in working out this test 
procedure was to simulate operating con- 
ditions as closely as possible, attempting 
to correlate laboratory testing with actual 


field practice when using conventiona 
bearings. 


SUBZERO LUBRICATION OF BEARINGS, b 
Donald F. Wilcock. Mach. Design, Noy 
1949; v. 21, pp. 92-95. 
Key factors involved in lubricant sele« 
tion and designing for subzero lubricatior 


TOOL ENGINEERING 


AIR-HARDENING TOOL AND DIE STEELS, b 
C. B: Post. Iron Age, Nov. 24, 1949; v. 16¢ 
pp. 63-67. 


Their characteristics and classificatiox 
Serial. 


ORGANIZING FOR Cost REDUCTION, by ( 

A. Cyrol. Tool Engr., Nov. 1949; v. 23, py 

30-33. 
Describes the responsibility of the to 
engineer not only for the proper selectia 
and design of tools but also for tha 
proper use in the shop. 


UNITS 


A MOopERN APPROACH TO ‘DIMENSIONS § 
by Parry Moon and Domina Eberle Spence 
Franklin Inst. Jour., Dec. 1949; v. 248, pq 
495-521. 


A mathematical paper presenting nei 
concepts for interpreting the fundament) 
primary dimensions: length, mass, ar 
time. 


WRITE for 8O-page Manual 


CONNECTORS—ACCESSORIES 


Industry's Standard of Excellence 


ABOVE ALL . . . in performance 
BELOW ALL . . . in heat rise 


Yes, here's really something to brag about...and proved 


by innumerable tests in 


ILSCO LUGS average over 50% COOLER 
than Underwriters’ requirements 


laboratories and the field. 


shows actual sizes, full specs and prices on more than 50 
different miniature ball bearings. See Sweets PD File or 
by mail immediately. 


“Suppliers to the World's Foremost Instrument Manufacturers” 


MINIATURE PRECISION BEARINGS, INC. 
KEENE, NEW HAMPSHIRE, U.S. A. 


GENERAL ELECTRIC REVIEW 


That means greater economies in every way—and greater satisfaction. 


VT series available in 6 sizes from No. 14 wire to 600,000 CM. 


ISCO 


COPPER TUBE-& PRODUCTS, Ine. 
CINCINNATI 27, 0. 
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